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I N T R O DUC T I O N  
C hl or s ulfur on ( 2 - c hl or- N- ( ( (4 -m e t hoxy-6-m e t hy l -1 ,  
3 , 5 - tri az i n- 2 - y l ) am ino ) c arb onyl ) b enz ene s ul fonam i d e] 
c on tr o l s  a w i d e v ar i e t y  o f  b r o a dle a f  w e e ds and some annu a l  
gra s s e s in c ere a l s  an d flax (1i�Y� Y�it�ti§�i�Y� L . ) ( 3 , 
4 ,  6 ,  4 5 , 4 6 , 4 7 , 5 2 ) . I t  b e lon g s  to a c l as s  o f  c om poun d s  
kno wn a s  t h e  s u l f ony l ur e a s  w h i c h a l so con t a i n s  m e t s u l furon 
(me t hy l  2 - ( ( ( ( me t hox y- 6 -m e t hyl- 1 , 3 , 5 - tr i az in e- ( 2 - y l ) am ino )  
c arbony l ) am i no ) s u l fonyl ) b enz o a t e] and s u l fome t ur o n  m e t hy l  
[2 - c arb ome t hoxy- N- ( ( 4 , 6- d im e t h y l pyr im i d in- 2 - y l ) am in o  
c arbony l ) b enzene s u l fonam i de] . A c h ar a c ter i s t i c o f  t h e s e 
compoun d s  i s  h i gh p hy to t ox i c a c t i v i t y w h e n  a pp l i e d a t  
ex trem e l y  l ow ra t e s . I n  many c a s e s, app l i c a t ion o f  l e s s  
t h an 0 . 01 k g  a c t i v e  ingr e d i en t  p er h e c t ar e  (k g ai/h a )  o f  
c h l or s u l fur on po s t em er g e n c e  h a s  prov i d e d  con tro l  o f  9 0% or 
b e t t er cin a v ari e t y  of w e e d  s p e c i e s ( 3 ,  6 ,  7 3 ) . Con tro l  
o f  gra s s y  w e e d s  s u c h  as  §�!2ri2 s p p . and C an a d a  t h i s t l e 
(Qir�iY� �[ Y�B§� ( L . ) S cop . ) may r e qu ir e  h i g h er rat e s  (2 1 ,  
4 2 ' 4 5 , 7 3 )  . 
An import an t  a s p e c t  of c h lor s u l furo n i s  e x c el l e n t  
crop to l er anc e .  M any sma l l gra i n  h erb i c i d e s  mu s t  b e  
app l i e d w i t h i n  v ery s p e c i f i c  grow t h  s t a g e s  t o  m in im i z e  the 
ri s k  o f  c ro p  i n j ury ( 2 4 ,  3 4 , 3 5 , 3 6 , 55). C h l o r s u l fur o n  
c an b e  a p p l i e d from p r e p l an t  t o  e arly b o o t  s t a g e  o f  s p r ing 
wh e a t  ( !r i.!i £1!!!! ��§.!i Y!:!!!! L_.) a. t s e v e r a l  m a gn i t u d e s t h e  
l ab e l � d  r at e  w i t hout y i eld r e d u c tio n (8 , 2 5 ,  4 3, 44 ,  46 ) . 
T h i s  l e v e l o f  c r o p t o l e r anc e a t  v a r i o u s  gr o w t h s t a g e s  
al l o w s  gro w er s  gre a t er f l ex i b i l i t y in p l ann ing a w e e d  
c ontrol. pro gr am . 
Und er c er t a in c ond i t i on s , c h l or s u l f ur on c an 
p er s i s t  i n  s o i l f or m or e  t h an one gr ow ing s e as on t o  
c ontro l s om e  w e e d  s p e c i e s ( 5 3 , 5 6) .  T h e  l on g  p e r s i s t e n c e  
o f  c h l ors u l fur o n  i s  an adv an t a g e  t o  p r o du c er s  i n  
c e r e a l - f a l l o w r o t a t i on s , b u t  a d i s t in c t  d i s a dv an t a g e  t o  
pr o duc e r s  i n t er e s t e d in ro t a t in g  t o  c hl o r s u l fur on 
s en s i t i v e  cr op s . 
C h l or s u l f u r on r e pr e s ent s an adv an c e  i n  w e e d  
c on t r o l  b e c au s e o f  i t s  w i de s p e c t r um o f  w e e d s  c ont r o l l e d 
at  l ow r a t e s  c omb ine d w i t h  ex c e l l ant cr o p  .s a f e t y  and l ow 
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mamma l i an t ox i c i t y . H ow e v er , t h e  p o s s i b i l i t y o f  c ar r y o v e r  
l im i t s  i t s  u s e fu ln e s s . Th e s e  s t u d i e s w e r e  c on du c t e d  t o : 
1) E v a li a t e  t h e  e f f e c t s  o f  c h l ors ulfur on s o i l r e s i du e s  on 
s e v er a l  cr o p s  w h i c h are common l y  gr o wn in t h e N o r t h e rn 
G r e a t  P l a ins; 2) D e t e rm ine how t h e s o i l s  and c l i m a t e o f  
t w o  d i f f e r en t  l o c a t i ons m i g h t  a f f e c t  c h l o r s u l fu r on 
c arry o v e r; and 3) Exam in e  t he e f f e c t s  o1 a l a c h l o r  
[2 - c h l o r o - 2 ' , 6 ' - d i e t hy l - N- ( me t h oxym e t hy l) a c e t an i l i d e] , 
c h l o r amb en [3- am ino- 2 , 5- d i c h l o r ob e n z o i c  a c i d] ,  an d 
t r i f l ur a l in [a , a , a- t r i f l u o r o - 2 , 6- d in i t r o-N , 
N- d e p r o p y l - p- t o l u i d in e] on c h l o r s u l fur on c ar ry o v e r  inj u r y  
t o  s o yb e ans ( g1Y£ i n� ��� (L . )  M e r r . )  and sun f l o w e r s  
(tl�!i �n!hY� �n n YY� L.) . 
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A numb e r  o f  d i f f er e n t c r o p s  a r e s e n s i t i v e  t o  
ch l o r s u l fu r o n ( 8 ,  1 7 , 19 , 20 , 63 , 7 1 ,  7 2 , 7 4 , 7 6) .  W h e a t , 
b arl ey ( �Q[g��� y�!g�r� L . ) , an d f lax h a v e h i g h  t ol e r an c e  
t o  p o st em e r g en c e  a p p l i c a t i o n s  o f  ch l ors ul fu r o n ( 2 1 ,  4 5 , 
4 7 ) . H o w ev e r, o n l y  wh e a t  c an t o l e r a t e p r e em er g e n c e  
a p pl i c at i o n s  ( 5 6) . In mo s t  s o il s , b arle y  a n d  o a t s  ( �y�n� 
��!iY� L . ) h av e  g o o d  t o l eran c e  t o  c hl or s u l fur o n  1 2  t o  16 
m o n t hs a f t e r  a p pl i c a t i o n ( 1 9 ,  5 6 , 7 4 ) . S u g a r  b e e t s  ( ��!� 
y�!g�ri� L . ) a r e  ex t r em e ly s e n s i t i v e  t o  c hl or s u l fu r o n  s o i l  
r e s i du e s  ( 8 ,  1 9 , 2 0 , 7 1 ) . I n  o n e  i n s t an c e , s u g ar b e e t  dry 
w e i g h t  w a s  r e du c e d  78% 36 m o n t h s  a f t er ap p l i c a t i o n o f  
0 . 035 k g  a i / ha ( 2 0 ) . 
T h e  p e r s i s t ence o f  c h l ors u l fur o n  i n  s o i l s  v ari e s  
w i d e l y  d e p e n d i n g o n  l o c a t i o n an d s o i l  t yp e . I n  n or t h ern 
s t a t e s s u c h  as I d a h o  an d N ort h D ak o t a , 0 . 035 k g  a i / h a h a s· 
c a� s e d  s ub s t an t i a l  i n j ury t o  c orn (��� m��§ 1 . ) p l an t e d 36 
m o n t hs a f t er ap p l i c a t i o n ( 2 0 ,  74). O n  t h e  o t h er h an d , 
0 . 0 7 k g  a i / ha in V ir g i n i a  c a us e d  n o  i n j u r y  t o  c orn p l a n t e d 
on l y  1 0  m o n t hs a f t er app l i c a t i on (2 3 ) .  A s t u d y  i n  K an s a s 
i n d i c a t e d  n o  in j ury t o  gra i n  s or ghum (§ 2rKhY� Ql£ 2!2[ L . ) 
t h e  y e ar f ol l o w i n g  p o s t em e r g e n c e  a p p l i c a t i o n o f  0 . 0 4 k g  
a i/ha o n  w i n t er whe a t ( 5 4 ) . H ow e v er , 0 . 01 8  k g.a i / h a  
c au s e d  s i gn i fic an t i n j ury t o  grain s orghum i n  T e x a s , 
. . 
p o s s ibly due t o  t he s o il t yp e , the d r y  cl i m a t e ,  or a 
c omb ina t i on o f  the t w o  ( 7 6). 
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P r elimin a r y  re s e a r ch ind i c a te s  t ha t  a m aj o r  
m e c h an i sm o f  de c omp o s i t i on fo r t he s ul f onylure a  h erb i c id e s  
i s  hyd r oly s i s  o f  t h e p a r en t  mole c ule in t o  n on- p hy t o t o x i c  
pro du cts w i t h fur t h er b re ak down b y  m i cr o or g an i s m s  ( 7 5 ) . 
Hyd r oly s i s  o f  s ul f onylure a herb i c i de s  i s  t h o u g h t  t o  be 
enhan ce d  b y  h i gh temp e r a t u r e , t h e  pre s en ce o f  free 
mo i s t u r e  an d low pH ( 5, 5 6 , 5 7 ) . S ome re se ar c h  ind i c a t e s  
a s o il hal f-l i fe o f  4 t o  6 w e e k s  for chlo r s ulfur on an d 
s ul f ome t u r on me t h yl dur in g  t he s umme r mon t h s  ( 5 6 ,  5 7 ) . 
H owever, s om e  o f  t h e  re c r o p p in g  s t u d ies p rev i o u s l y  
m en t i on e d  in d i c a te t he p o s s i b i l i t y o f  lon ger h al f - l i ve s  
for c hl or s ul fu r o n un d er c ert a in c o n d i t i ons. A fa c t or 
wh i ch c omp l i c a te s re cr o p p in g after chlo r s ul fu r on us e i s  
i t s  a c tiv i t y  a t  ·e x t rem ely l ow rates on ce r t a in cr op s . F or 
e x am p le , s u g a r  b ee t s  a re appro x im a tely 4 0 0  t im e s  m o re 
sen s i t ive t o  chl o r s u l fu r o n  t h an mo s t  t ar g e t  weed s pe c ie s  
( 5 6 ) .  Ther e f ore, de c omp o s i t i on o f  t he herb i c i de m u s t be 
ne ar 1 0 0% b�f ore i t  i s  s a fe to p l an t  s� c h  a s u s ce p t i b le 
cr o p. 
Wh i le i nve s t i g a t ing t he c arry over p o ten t i a l o f  a 
new herb i c i de, i t  i s  h elp ful t o  rev iew re se ar c h  d o ne w ith 
o t h er s o i l a c t ive h erb i c i d e s . T he de c omp o s i t i on o f  t he 
tr i az ine herb i c i de s  in s o ils h�s bee n s t u d ie d  f or m any 
ye a r s . E ar l y  i n ve s t i g a t i�n s found tr i a z ine c arry o ver t� 
b e  l e s s  o f  a pro b l em i n  are a s  w i t h h i g h er pre c i p i t a t i o n 
a n d  w armer t emp era t ur e s  ( 9 , 1 0 , 1 1 ,  2 2 , 2 6 , 2 7 , 7 7) . 
S p l i t t st o e s s er a n d  D� r s che i d  con c l ud e s  t h a t  s i m a z i n e  
[ 2 - c h l o r o - 4 , 6- b i s (ethy l am i n o) - s - tr i az i n e] c o n s i s t ant l y  
c ar r i e d ov e r  i nt o  t h e n ex t  grow i n g  s e as o n  t o  c a u s e injury 
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t o  sma l l gr a i n s  un d er S o uth Dak ota c o n d i t i o n s  ( 6 8 ) . R o e t h  
e t  a l, f o u n d a tr a z i n e  [ 2 - ch l oro - 4 (ethy l am i n o ) -6 - ( is o ­
pro p y l am i n o) - s - tr i a z i n e] bre ak down t o  i n cr e a s e b y  2 t o  3 
f o l d  f o r  ev e r y  1 0°C i n c r e a s e  i n  tem p era t ur e  b etwe e n  1 5  
t o  3 5°C a n d  t h a t  i n cr e a s e d  s o i l  m o i s t u r e  l ev e l s  a l s o  
s p e e d e d  d e c omp o s i t io n  ( 6 1 ) . A t  f ir s t , m a n y  i nv e st i g a t o r s  
b e l i eved t h a t  m i cr o b i a l  a c t i v i t y a c c o un t e d f or t h e 
m aj or i t y  o f  tr i a z i n e  br e akd o�n i n  s o i l s  (3 3 ,  40, 5 9 , 70) . . 
H o w ever , l a t er w o r k  c o n c l ud ed that t h e m aj or r o ut e  o f  
ch l or o tr ia z i n e d e t o x i f i c a t io n  i n  s o i l s  w a s  t hr o u gh 
hydr o l y t i c  c onv er s i on o f  t h e s e  c omp o un d s  t o  n o n - phy t o t o x i c  
hydr o x y tr i az i n e  der i v a t i ves wh i ch w ere s ub s e qu ently 
a t t a c k e d  b y  m icr o o r g an i s m s  ( 1 ,  2, 1 5 , 3 2, 3 9, 5 1 , 6 2 , 6 5 , 
6 6 ) . I n cr e a s ed s o i l t em p er a t ure an d m o is t ur e  pr o m o t e s  
t h is n o n- b io l o g i c a l  hydro l y s i s  r e a c t ion ( 2 6, 3 9 ) . S o i l 
pH, org an i c  m a t t er c o n t en t , an d t h e pr es e n c e  o f  c ert a in 
c l ay m i n e r a l s , e s p e c ia l l y  s m e c t it e  t yp e s, a f f e c t  t h e  r a t e 
o f  t h is r e ac t i o n ( 1 ,  2 ,  3 9 , 6 2, 6 6 ) . T h e  r a t e  o f  
c o nv ers i o n o f  a tr a z in e t o  hydr o x y atraz in e i n  aqu e o u s  
s o l u t io n  i s  qu i t e  s l ow b etw e e n· p H  l e v e l s  o� 7.0 a n d  10. 0, 
b u t in cre a s e s  r a p id l y  un d er mo r e  a c i d  o r  a l k a l in e  
. . 
c on d it i on s . T h e  a dd it i on o f  organ i c  m atter or s o i l to 
s o l ut i on a c c e l e r at es atr a z inehyd r o 1 y s i s  b y  ab o ut 1 0  f o ld 
( 1) . In g en e r a l , l ow e r  s o i l  p H  a l on g  w ith h i g h er org a n i c  
m atter c onte nt a c c e l e r at e s  tr i a z in e  bre akdown ( 1, �' 7, 
1 4, 3 0, 3 9 , 50 , 6 7) . 
Qh!2r�Y!fYrQg_!Q!�r�£!iQg_�i!h_Q!h�r-��rQi£!g�� 
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W h en a h erb i c id e  pers i sts in a s o i l  f o r  m ore than 
one grow in g  s e a s on the re e x i sts a p o s s i b i l ity t h at the 
re s idue m a y  i ntera ct w ith p e st i c ide s ap p l ied the f o l l ow i n g  
ye ar s t o  g ive une x pe cted re s u lts . Pe st i c ide inter a ct i o n s  
are us u a l l y  re ferred to as add it i ve, ant a g o n i st i c, or 
s yner g i st i c . Add it i ve re s p o n se s  o c c ur whe n a c omb i n at i o n  
o f  tw o herbic ide s pr oduce s  a phytot o x i c  e f fe ct c om p arab le 
to that e x pe cted o f  e a c h  of the c om p o unds a ct i n g  a l o ne .  
Anta g on� st i c re s p onse s o c cur whe n  the c omb i n at i o n  o f  
c om p o unds i s  le s s  p hyt otox i c  than that e x pe cted o f  t he 
c omp o unds a ct in g  a l one . S ynerg i st i c  re s p o n se s  o c cur whe n· 
the c omb i n at i o n  i s  m ore p hytot o x i c  than that e x pe cted o f  
the c om p o unds a ct i n g  a l one ( 4 9 ) . 
A n umber o f  herb i c ide i nteract i o n s  have bee n 
re p orted ( 1 2,  � 6, 1 8, 3 7, 3 8, 4 8, 5 8, 6 9, 7 8, 7 9) .  I n  
s ome c a se s a p p l i c at i on o f  a herb i c ide may incre a se the 
s u s ce pt i b i l ity o f  a cro p  t o  s o i l  re s idue s o f  a pre v i o u s l y  
ap p l ied herb i c ide .  For ex amp le, a p p l i c at i o n s  o f  E P T C  
[ s -ethy l d i pr o p y lth i o c arbam ate] to n av y  be a n s  (�h�!�Q!Y! 
yylg�r!§ L . )  or a l f a l f a CM�g!£�gQ §�!!YY� L . ) pr ed i s p o s e s 
t h e s e cr o p s  t o  gre at er i njury from a traz ine r e s idu e s  ( 1 8 ,  
7 8 ) . In t he c a s e  o f  a l f a l f a ,  t he a u t h or s  hyp o t h e s i z ed 
t h a t  t h e  i n cr e a s e w a s  due t o  i n t er f eren c e  w i t h an 
en z ym a t i c d e t ox i f i c at i on me c h an i sm .  In n av y  b e an s ,  t h e 
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pr op o s e d  b a s i s  f or t h e  in t erac t i o n w a s  r ed u c t i on i n  
ep i cu t i cu l ar w a x  f orma t i o n c au s i n g  incre a s e d  tran s p ir a t i o n 
and incre a s e d  u p t ak e  o f  atraz ine . Incr e a s e d  c arr y o v er 
i njury t o  s o yb e an s  from f l uome t ur o n  [ 1, 1 -d i m e t hy l - 3 - ( a, a, a  
- tr i f l u o r o-m- t o l y l ) ur e a] h a s  b e en no t ed w h e n  t h e cr o p  w a s 
tre a t ed w i t h  e i t her l i n uron [ 3 - ( 3 , 4 -d i c h l or o p h e n y l ) - 1 
-m e t h o x y - 1 -m e t hy l ur e a] or c h l orbromur on [ 3 - ( 4 - b r o m o - 3  
- c h l or o p h e n y l ) - 1 -m e t h o x y- 1 -� e t hy l ur e a] ( 1 2 ) . 
On t h e  o t h er h and , t h e r e s i dua l h erb i c i d e  m a y 
pre d i s p o s e  t he cr o p  t o  i njury fr om a re c e n t ly a p p l i e d 
h erb i c ide .  T h is s i t u a t i o n has b e en f o und t o  o c c ur w h e n  
m e tr i b u z in [4 - am i n o- 6 - t ert- b u t y l - 3 - ( me t hy l t h i o ) - a s ­
tr i az in e- 5 ( 4H ) - o n e] i s  ap p l i ed t o  s o yb e ans gr own i n  s o i l  
c o n t a in in g  atraz i n e  r e s i due s . L a d l i e  e t  a l , d e t erm i n e d  
t ha t  a tr a z i n e  a t  s ub t o x i c  l e v e l s  a c t ed s yn er g i s t i c a l l y  
w i t h  m e tr i b u z in t o  c au s e s i gn i f i c an t  s o yb e an i n j ury ( 3 8) .  
T h e  aut h or s  c o n c l u d ed t h a t  t h e l ow l e v e l s  o f  a tr a z i n e  
c au s e d  an i n cr e a s e i n  t h e  s i z e  o f  s o yb e an s t om a t al 
open i n g s l e ad i n g  t o  h i g h er tran s p ir a t i o n and i n cr e a s ed 
m e tr i b u z i n  up t ak e . W h en a traz i n e  w a s  pr e s e n t  a t  h i g h er 
l ev e l s , i n j u r y  w a s  f o un d  t o  b e  ad d i t i v e  b e tw e e n  t h e  two 
c omp o u n d s . 
Some t i me s  o n e  h e rb i c i d·e  m ay a c t  an t a g o n i s t i c a l l y  
t o  r e duce c r op i n j ur y  f r om an o t h e r . T r i f l u r a l i n  r edu c e s  
s oybean i n j u ry f r om me t r ib uz i n  an d l ow r a t e s  o f  a t r az i n e  
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by r e s t r i c t i n g  h e rb i c i d e up t ak e  b y  r o o t s ( j 7) . S i m i l a r l y ,  
p i c l o r am [4 - am i n o - 3 , 5 , 6 - t r i c h l o r o p i c o l i n i c  a c i d] a p p e a r s  
t o  r e du c e b r om a c i l[5 -b r om o - 3 - s e c- b u t y l - 6-m e t hy l u r a c i l] 
i n j u ry t o  o a t s  b y  r educ i n g  b r omac i l  up t ak e  ( 6 9) . 
A p p l i c a t i o n o f  a l a ch l o r  i n  c omb i n a t i o n w i t h  b u t h i d a z o l e  
[ 3 - ( 5 -( 1 , 1 - d i m e t hy l e t hy l) - 1 , 3 , 4- t h i ad i az o l - 2 - y l) - 4 - hy d r o x y-
1 - m e t h y l - 2 - i m i d az o l i d i n o n e] c an s ub s t an t i a l l y  r e du c e  
b u t h i d az o l e  p h y t o t o x i c i t y t o  c o r n ( 7 9) . T h e  c o n c e p t  o f  
an t a g o n i s m  h a s  b e e n  fu r t h e r  e x p l o r e d  t o  p r o du c e s e v e r a l  
an t i do t e s wh i ch p r o t e c t  a g i v e n  c r o p f r om a p a r t i c u l a r 
h e rb i c i d
.
e .  C o r n i s  n o t  t o l e r an t t o  E P T C  a l o n e , b u t  w h e n  
t h e  h e r b i c i d e i s  c omb i n e d·w i t h R 2 5 7 8 8 [ N , N - d i a l l y l - 2 , 
2 - d i c h l o r o ac e t am i d e] , l i t t l e o r  n o  c r o p  i n j u ry i s  o b s e rv e d  
w h i l e  w e e d  c o n t r o l r ema i n s  ex c e l len t ( 1 3 ,  6 0) . A s e e d  
t r e a t m e n t  o f
. 
1 , 8  n ap h t ha l i c  anhy d r i d e i s  a n  e f f e c t i v e  
s a f e n e r  a g a i n s t E P T C  i n j u r y  t o  c o rn ( 3 1 , 1 3 , 6 0) . 
N a p h t h a l i c  a n h y d r i de a l s o  s a f e n s  g r a i n  s o r gh um a g a i n s t  
i n j u r y  f r om a c e t an i l i d e h e r b i c i d e s  ( 3 1 , 60) . In f a c t , 
t h i s  p a r t i c u l a r s e e d  t r e a t m e n t  h a s  s u c c e s s fu l l y  p r o t e c t e d 
c o rn a g a i n s t  s o i l  a p p l i e d c h l o rs u l fu r o n  ( 2 9 ,  4 1 ) . 
W ith t h e  l a r g e numb e r  o f  p e s t i c i d e s  i n  u s e t o d a y  
t h e r e  e x i s t s  a d e f i n i t e  p o s s i b i l i t y  t h a t  c h l o r s u l fu r o n  
s o i l r e s i du e s  m a y  i n t e r a c t  w i t h  o t h e r  h e rb i c i d e s  t o  c au s e  
i n c r e as e d  o r  d e c r e as e d  i njury t o  r o t a t i o n al c r o p s . S i n c e  
c hl o r s ul fu r o n  i s  a r e l a t ively ti e w  c omp o un d , l i t t l e  w o r k  
h a s  b e en p ub l i s h e d  r eg a r d i ng t he s e  i n t e r ac t i o n s . 
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M A TER I AL S  AND ME THO D S  
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S pl i t plo t  e xp e r i m en t s  w e r e  e s t ab l i s h e d  a t_ t h e  
Jam e s  Vall e y  R e s e a r ch an d Ex t en s i o n C en t e r n e a r  R e d f i e l d ,  
S ou t h  D ak o t a  a n d  a t  t h e  N o r t h e as t R e s e a r c h  S t a t i o n n e a r  
W a t e r t own , S o u t h  D ak o t a  i n  1 9 81 .  T h e  e xp e r i m e n t s  w e r e  
dup l i c a t e d  i n  19 8 2  a t  e a c h  l o c a t i o n . S ub p l o t s  w e r e  3 b y  
1 2 m an d c o n s i s t e d o f  c h l o r s u l fu r o n r a t e s  o f  0 . 017 , 0 . 0 3 4 , 
an d 0 . 06 8  k g  a i / ha p l u s  an un t r e a t e d  c o n t r o l .  T r e a t m e n t s  
w e r e  ap p l i e d w i t h a b i c y l c e-m o un t e d s p r ay e r  a p p l y i n g  1 8 7  
1 / h a  a t  2 7 6  k P a  o v e r  a 3 m s w a t h  t o  'B u t t e ' s p r i n g w h e a t  
p o s t em e r g e n c e . A f t e r  whe a t  h a r v e s t ,  t h e  e x p e r i m e n t a l  are a  
w a s  mo l db o a r d  p l ow e d  t h e f a l l f o l l ow i n g  c h l o r s u l f u r o n  
ap p l i c a t i o n .  M a i n  p l o t s  c o n s i s t i n g  o f  ' S o k o t a  T S 4 6 ' c o r n , 
'C u l b e r t  7 9 ' f l ax , ' S o k o t a 8 4 4 ' g r a i n  s o r ghum , ' C o r s o y 7 9 ' 
s o yb e an s , a n d  c s o k o t a  4 000 ' s un f l ow e r s  w e r e  p l an t e d t h e  
f o l l ow i n g  s p r i n g . T h e  e x p e r im e n t s  w e r e  e i t h e r  c h i s e l 
p l ow e d  o r  f i e l d  c u l t i v a t e d  t h e  s p r i n g  f o l l o w i n g t h e f i r s t 
r e c r o p p i n g  s e a s o n  a n d  t h e  f ive r o t a t i o n�! c r o p s  w er e  ag a i n  
p l an t e d, 2 4  m o n t h s a f t e r  c h l o r s u l fu r o n  ap p l i c a t i o n . A l l 
c r o p s , e x c e p t  f l ax , w e r e  p l an t e d  i n  r ow s  9 0  em a p a r t . 
F l ax w a s  p l an t e d i n  r ow s  1 5  em a p a r t  w i t h a p r e s s d r i l l .  
I n  1 9 8 4 , o n e  h a l f  o f  t h e e x p e r i m e n t  at R e d f i e l d  w h i c h  h a d  
r e c e i v e d c h l o r s u l fu r o n i n  1 9 8 1  w a s  p l an t e d t o  s un f l o w e r s  
an d t h e  o t h e r  h a l f w a s  p l an t e d t o  c orn. Th i s  p l an t i ng 
1 1  
s c h em e  p r o du c e d  t w o  ran d om i z ed c omp l e t e  blo c k  d e s i gn 
ex p e r i m e n t s . T h e  c o r n e xp e r i m e n t  c on t a i n e d e i gh t  
r ep l i c a� i o n s , wh i l e  t h e  s un flow e r  e xp e r i m e n t  c o n t a i n e d s i x 
du e t o  f l o o d i n g  o f  t h e t w o  r e p l i c a t i o n s . A l l o t h e r· 
ex p e r im e n t s c o n t ain e d  f o u r  r e p l i c a t i o n s . W e e d s  w e r e  
c o n t r o l l e d  b y  h e r b i c i de s  an d h a n d  w e e din g .  
T h e  s oil a t  R e df i e l d  w a s  a G r e a t  B en d  s i l t y c l a y 
l o am (Ud i c  H a pl ob o r o l l s, f i n e  s i l t y , m i x e d) w i t h  a s ur f a c e  
(0 - 1 5  em) p H  o f  6 . 5; o r gan i c  m a t t e r  c o n t e n t  o f  2 . 5%; an d 
s an d ,  s i l t , a n d  c l a y c o n t e n t  o f  5 ,  6 1 , an d 3 4% , 
r e s p e c t i v e l y . Th e s o i l a t  W a t e r t own w a s  a B r o o k i n g s s i l t y  
c l ay l o am ( P a c h i c  Udic H a p l o b o r o l l s , f i n e  s i l t y , m i x e d ) 
w i t h  a s u r f a c e  ( 0 - 1 5  em) p H  o f  5 . 3; o r g an i c  m a t t e r c o n t e n t  
o f  3 . 5%; a n d  s an d , s i l t , a n d  c l ay c o n t e n t  o f  1 9 , 5 1 , an d 
3 0% ,  r e s p e c t i v e l y . W e a t he r  i n f o rma t i o n f o r  t he t w o  s i t e s 
i s  s hown· i n  Tab l e  1 .  D a t e s  o f  p l an t i n g , ap p l i c a t i o n , an d 
e v a l ua t i on a r e  s hown i n  T ab l e  2 .  
C r o p  i n j u ry w a s  e v a l u a t e d  b y  v i s u a l  r a t i n g s  (0 = 
c o mp l e t e k i l l ,  1 0 0 = n o  i n j u r y ) an d p l a n t  d r y  w e i gh t . D ry 
w e i gh t s  w e r e  d e t e rm i n e d b y  c o un t i n g  and c l i p p i n g  a t  g r o u n d  
l e v e l t h e  p l an t s  i n  a p o r t i on o f  t h e  c e n t e r  r ow o f  e a c h  
p l o t ( t w o , 3 0  em s ub s am p l e s p e r  p l o t  i n  1 9 8 2 , a n d t h r e e  50 
em s ub s am p l e s p e r  p l o t  in 1 9 8 3  and 1 9 84 ) . S am p l e s w e r e  
dr i e d an d t he d r y  w e i gh t  p e r  p l an t  d e t e rm i n e d . C r o p  
y i e l d s w e r e  t ak en b y  ha n d  harv e s t o r  s m a l l plo t c omb i n e . 
D a t a fr om con t r o l  plo t s  w� r e  u s e d  t o  c a l c ul a t e p e r c e n t  o f  
T ab l e  1 .  Av e r ag e  t emp e r at u r e  and t o t a l  p r e c i p i t a t ion at  
R e df i e l d  a n d  Wat e r town , Sou t h  D ako t a , for 6-mo n t h  p e r i o d 
(Ap r i l�S e p t emb e r ) , 198 1- 19 8 4. 
Y e a r  
19 8 1  
1 9 82 
1 9 8 3  
1 9 84 
20 yr avg 
----I������!Yr�----­
R e d f i e l d  Wat e r t own 
_______ ( oc ) ______ _ 
1 7  
1 6  
1 7  
1 6  
1 7  
1 7  
16 
1 6  
16 
1 6  
----�r�£i�i!�!i2�--­
R e d fi e ld W a t e rt own 
_ _______ (mm ) _______ _ 
22 1 207 
3 4 8  
4 26 
4 7 4  
367 
3 72 
4 3 4  
4 50 
4 2 4  
12 
13 
Tab l e  2. Location and dates of ch lorsulfuron applicat io_
n, rotational 
crop planting, visual evaluation•, and plant sa•pl ing. 
---------------------------------------------------------------------------
Application Planting dates of Visual Plant 
Location Dates rotational crop a eval uations samp ling 
---------------------------------------------------------------------------
Redfield May 26, 1981 May 19, 1982 Ju l y  27, 1982 June 2 9 , 1982 
May 23, 1983 Ju l y  7, 1983 Ju l y  14, 1983 
Watertown May 19, 1981 May 21, 1982 . Aug 4, 1982 June 30, 1982 
May 17, 1983 Jul y  9, 1983 July 13' 1983 
Redfield June 3, 1 982 May 23, 1983 Jul y  7, 1983 July 14, 1983 
May 15, 1984 Aug 10, 1 984 July 5, 1984 
Watertown June 7, 1982 May 17, 1 983 July 9, 1 983 July 12, 1983 




1 4  
c h e c k  v a l u e s  f o r  c h l o r s u l fu r o n t r e a tme n t s  an d t h e n  d e l e t e d 
f r om t h e  d a t a  s e t . An a l ys i s  o f  v a r i an c e  w a s  p e r f o rm e d  an d 
t h e  m e an s  c omp a r e d  u s i ng t h e  w• l l e r-Dun c an K- r a t i o  t - t e s t  
w i t h  a K- r a t i o  o f  10 0 (P = 0 . 05) . 
In 1 9 8 3 , c r op i njur y  i n  t h e  s e c on d  e xp e r i m e n t  a t  
W a t e r t ow n  b e c am e  m o r e  s e v e r e  as  o n e  mov e d  f r om t h e  f o u r t h  
t o  t he f i r s t  r e p l i c a t i o n . C o rn an d s oyb e an 0 . 0 6 8 k g/ h a  
s ub plo t s  a l o n g  t h i s  g r ad i en t  w e r e  v i s u a l l y  r a t e d  f o r  c r o p 
i nju r y  an d s o il s am p l e d  t o  a d e p t h  o f  15 em w i t h a 2 . 5  em 
d i ame t e r  H o f f e r  s o i l  p r ob e . S o i l  pH, o r g an i c  m a t t e r  
c o n t en t , an d t e x t ur e  w e r e  de t e rm i n e d f r om t h e s e  s am p l e s . 
Rel a t i on s h i p s  b e t w e e n t h e s e  s o i l f a c t o r s  an d c r o p  i n j u r y  
w e r e  d e t e rm i n e d b y  c o r r e l a t i o n an d r e g r e s s i o n  t e c hn ique s . 
R��Qi£ig�-I�1���£1i2�-�1�g!�§ 
A g r e en h o u s e e x p e r i m e n t w i t h 6 r ep l i c a t i on s  i n  a 
r an d om i z e d c omp l e t e  b l o c k  d e s i gn w a s  p e r f o rm e d  i n  1 9 8 2  t o  
e x am i n e  t h e  e f f e c t s  o f  a l a c h l o r , c h l o r amb e n, an d a 
c omb i n a t i o n o f  c h l o r amb e n  and a l ac h l o r  o n  c h l o r s u l fu r on 
i n j u r y  t o  s o yb e an s . Wax e d  p a p e r  c a r t o n s  8 b y  8 em squ a r e  
an d 1 5  e m  d e e p w e r e  ha l f  f i l l e d w i t h  a s an dy l o am s o i l  
w i t h a p H  of 7 . 2 an d o r g an i c  mat t e r  c o n t en t o f  3. 3% . A 
g r e e n h ou s e  p o t  s p r a y e r  de l i v e r i n g  s p r ay s o l u t i o n a t  a r a t e  
o f  1 8 7 1/h a w a s  u s e d  t o  app l y  .0 0 4 2 , . 0 0 2 1 , o r  . 0 0 1 1  kg 
a i/ha o f  c h l o r s u l fu r o n . A l l p o t s  w e r e  t h e n  f i lle d an d 
e a c h  r a t e o f  c h l o r s u l f u r on ,  a l on g  w i t h  un t r e a t e d  p o t s , 
1 5  
w e r e  sp r a y e d  w i t h e i t h e r  a l a c h l o r  a t  2 . 2 5 k g  a i/ha , 
. chl o r amb e n  a t  2 
.
. 2 5  k g  a i/h a , o r  a c omb i n a t i o n o f  a l a c h l o r  
an d c h l . o r amb en ,  b o t h  a t  2 . 2 5 kg a i/h a . O n e  s e t  o f  p o t s  
w a s  l e f t  a s  an u n t r e a t e d  c h e c k . F i v e  ' Ho d g s o n  7 8 ' 
s oyb e a n s  w e r e  t h e  p l an t e d appr ox i m a t e l y  1 . 5  em d e ep . 
p o t r e c e i v e d  1 00 m l  o f  d e i o n i z e d w a t e r  t o  m o v e  t h e 
h e rb i c i d e s  i n t o  t h e  s o i l . P o t s  w e r e  t h i n n e d  t o  t h r e e 
E a c h  
p l an t s  pe r p o t o n e w e e k  af t e r eme r g e n c e . Appr o x i m a t e l y  
t h r e e  w e e k s  a f t e r  em e r g e n c e  t h e  p l an t s  w e r e  c l ipp e d  a t  
s o i l l e v e l  a n d  f r e s h  w e i gh t s de t e rm i n e d . 
R a n d o m i z e d c omp l e t e b l o c k  expe r i m e n t s  w e r e  
c o n duc t e d a t  two l o c a t i o n s  i n  e a s t e rn S out h D a k o t a . F ou r , 
t h r e e  b y  t h r e e  f a c t o r i a l e xp� r i m e n t s  we r e  e s t ab l i s h e d  i n  
1 9 8 1  a t  t h e J am e s  V a l l e y R e s e a r c h  an d E x t e n s i o n C e n t e r  
n e a r  R e d f i e l d .  C h l o r s u l fur on w a s  app l i e d a t  r a t e s  o f  0 . 0 ,  
0 . 03 4 , a n d  0 . 06 8. k g  a i/ha i n  e ac h  e xpe r i m e n t  an d 
i n c o rpo r a t e d  t w i c e  w i t h  a·t a n d em d i s k  i n  Ju l y  o f  1 9 8 1 . 
E a c h  e xpe r i m e n t  c o n t a i n e d  f o u r  r e p l i c a t i o n s . I n  M a y  o f  
1 9 8 2, t w o  o f  t h e s e e x p e r i m e n t s  w e r e  p l an t e d t o  tC o r s o y 79' 
s o yb e an s . O n e  e xp e r i m e n t h a d  ch l o r amb e n  a t  r a t e s  o f  0 . 0 ,  
1 . 40 ,  an d 2 . 8 0 k g  a i/ha app l i e d p r e eme r g e n c e  i n  f a c t o r i al 
c omb i n a t i o n w i t h  t h e  p r e v i ous l y  app l i e d ch l o r su l f u r o n . 
The s e c o n d  e xp e r i m e n t h a d  a l a c h l o r  a t  r a t e s  o f  0 . 0 , 1 . 4 0 ,  
a n d  2 . 80 k g  a i/ h a  ap p l i e d p r e em e r g e n c e  i n  f a c t o r i a l 
c omb i n a t i o n w i t h  t h e  p r e v i ou s l y  a p p l i ed c h l o r su l fu r o n . 
t S o ko t a  4 0 00 ' sun f l ow e r s  w e r e  p l an t e d i n  t h e  t h i r d an d 
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f ou r t h  expe r im e n t s  a n d  c hl o r amb e n  o r  a l ac h l o r  app l i e d i n  
-t he s am e  w ay a s  f o r  t h e  s o yb e an s . I n  1 9 8 3 , t w o  o f  t h e s e 
e xp e r i men t s  h a d  t r i f l u r al i n  a t  r a t e s  o f  0 . 0 ,  0 . 5 6 ,  an d 
1 . 12 k g  a i / h a  app l i e d p r ep l an t  an d i n c o rp o r a t e d  t w i c e  w i t h 
a t an d em d i s k  i n s t e a d  o f  c h l o r amb e n  o r  a l a c h l o r . O n e  o f  
t h e s e expe r im e n t s  w a s  p l an t ed t o  cc o r s o y 7 9 ' s o yb e a n s  a n d  
t h e  o t h e r  t o  c S o k o t a  4000' s un f l o w e r s . T h e  o t h e r  t w o  
expe r im e n t s  w e r e  p l an t e d t o  s un flow e r s  an d r e c e i v e d  
ch l o r amb e n  o r  a l a c h l o r  i n  t he s am e  marin e r  a s  i n  1 9 8 2 . 
V i s u a l  i n j ur y  r a t i n g s ( s c a l e o f  0 t o  1 0 0  w i t h 0 = n o  
i n j u r y  an d 100 = c omp l e t e  k i l l )  we r e  m a d e  i n  Ju l y  o f  19 8 3  
a n d  h e i gh t  m e a s u r em e n t s  ( 4/p l o t ) w e r e  t ak e n i n  A u g u s t .  
Tw o e x p e r i m en t s  w e r� c o n du c t e d i n  1 9 8 2  a t  a 
r e s e a r c h s i t e  n e a r O ak w o o d  L ak e s . T h e  s o i l  a t  t h i s 
l o c a t i o n w a s  an E s t e l l i n e  s i l t l o am ( P a c h i c  U d i c  
H ap l ob o r� l l s , f ih e  s i l t y o v e r  s an dy , m i x e d ) w i t h a s u r f a c e  
( 0  - 1 5  em) p H  o f  5 . 5; o r g an i c  m a t t e r c o n t e n t  o f  2 . 0%; an d 
s an d , s i l t , an d c l ay c o n t e n t  o f  2 2 , 5 8 , an d 2 0% ,  
r e s p e c t i v e l y . C a r r y o v e r  w a s  s i mu l a t e d b y  app l y i n g  l ow 
r a t e s  o f  c h l o r s u l fu r o n  ( 0 . 0 ,  0 . 0014 , 0 . 00 2 8 , 0 . 0 0 5 6 , an d 
0 . 011 k g  a i / h a ) an d i n c o r p o r a t i n g  w i t h t w o  p a s s e s  o f  a 
t an dem d i s k . T h e  f i r s t  e xpe r im e n t  c o n s i s t e d o f  a 5 b y  5 
fac t o r i a l r an d om i z e d c omp l e t e  b l o c k  d e s i gn u s i n g  t h e  f i v e  
p r e v i o u s l y  app l i e d c h l o r s u l fu r o n  r a t e s  i n  c omb i n a t i o n w i t h  
f i v e  t r i f l u r a l i n  r a t e s ( 0 . 0 , 0 . 21 ,  0 . 4 2 ,  0 . 84 ,  an d 1 . 6 8  kg 
a i/ h a ) . T he t r i f l u r a l i n  w a s  appl i e d  o n e  m o n t h  a f t e r  
c h l o r s u l fu r o n an d i n c o rp o r a t e d t w i c e  w i t h  a t an d e m  d i s k . 
· T h e  s e c o n d  e xp e r i m e n t  h a d  c h l o r amb e n  a t  2 . 8  k g  a i/h a, 
a l a c h lo r  at 2 . 8  k g  a i / h a  o r  a domb i n a t i o n o f  t h e  t w o  
sp r ay e d o v e r  t h e  p r ev i ou s l y  app l i e d  c h l o r s u l fu r o n . B o t h 
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e xp e r i m e n t s  w e r e  p l an t e d t o  'C o r s o y 7 9 ' s o yb e an in  r o w s  90 
em apa r t .  C r op i n j u r y  w a s  e v a l u a t e d  b y  v i s ua l  r a t i n g s 
( s c a l e  o f  0 t o  100 w i t h  0 = n o  i njur y  an d 100 = c omp l e t e 
k i l l) an d d r y  w e i gh t  s amp l e s  ( t h r e e, 30 em s amp l e s  p e r  
p l o t) . T h e s e expe r im e n t s  w e r e  dup l i c a t e d  i n  1 9 8 3  a t  
N o r t he a s t R e s e a r c h  S t a t i o n n e ar W a t e r t own . A l l 
e xp e r i m e n t s  w e r e  e v a l u a t e d  b y  an a l ys i s  o f  v ar i an c e  a n d  
m e an s  s e p a r a t e d  u s i n g  t h e  W a l l e r-Dun c a n  K- r a t i o  t - t e s t  
u s i n g  a K- r a t i o  o f  100 (P = � . 05) . C h l o r s u l fu r o n­
t r i f l u r a l i n  i n t e r a c t i o n s  on  s o yb e an s  w e r e  fu r t h e r  e x am i n e d  
b y  m e an s  o f  mu l t ip l e  r e g r e s s i o n a n d  r e s p o n s e  s u r f a c e s  
an a l y s i s . 
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RESUL TS AND D ISCUS S I O N  
H2!�!i2��!_Qr2�-I�Jyr�-��-E��fi�!� 
N o  s ign i f i c an t s t an d  r e d u c t i on o c c u r r e d  i n  an y 
r o t a t i o n a l  c r o p  p l an t e d  at  R e d f i e l d  12 m o n t h s  a f t e r  
ap p l i c a t i o n o f  c h l o r s u l fu r on (da t a  n o t  s h ow n ) . V i s u a l  
s ymp t om s  o f  i n j u r y  b e g an t o  app e a r  i n  a l l c r o p s  
ap p r ox i m a t e l y  t w o  w e e k s  a f t e r  eme r ge n c e .  S e v e r i t y  o f  
s ymp t om s  i n c r e a s e d  a s  t he r a t e o f  c h l o r s u l fu r o n i n c r e a s e d .  
C o rn a n d  s o r ghum p l an t s  w e r e  s t un t e d an d p u rp l e  c o l o r a t i o n 
o f  l e av e s  w a s  a pp a r e n t . Th i s  c o l o r a t i o n, w h ich w a s  
s i m i l a r t o  s ymp t om s  o f  a s ev. e r e  p h o sph o ru s  d e f i c i e n c y, 
d i s app e a r e d  l a t e r i n  t h e  s e as o n b u t  t h e  p l an t s  r em a i n e d  
s t un t e d . L e a f p u r p l i n g  w a s  n o t  e v i d e n t  i n  
i n  t h i s  s t u dy but h a s  o ccu r r e d i n  s o yb e an s  
t he o t he r  c r o p s  
i n  o t h e r  
e x p e r i m e n t s  i n v o l v i ng c h lo r s u l fu r o n  (p e r s o n a l  o b s e r v a­
t i o n ) . S un f l ow e r  an d s o yb e an p l an t s  h a d  s w o l l e n  
hypo c o t y l s  � n d  s h o r t e n e d  i n t e rn o d e s . F l ax p l an t s  w e r e  
s t un t e d , c h l o r o t i c , an d l e s s  b r an c h e d  i n  t r e a t e d p l o t s  
t h an i n  c o n t r o l  p l o t s . 
T h e  an a l y s i s  o f  v a r i an c e  o f  v i s u a l  an d d r y  w e i gh t  
ev a l u a t i o n s  i n d i c a t e d  h i gh l y  s i gn i f i c an t F v a l u e s  f or 
c r op s , r a t e s , an d c r op b y  r a t e  i n t e r a c t i o n s . C ompa r i s on 
o f  c r o p  d r y  w e i gh t s av e r a� e d  ac r o s s r a t e s  i s  p r e s e n t e d i n  
Tab l e  3 .  C o r n an d s o r ghum w e r e  t h e  mo s t  s ev e r e l y  i n j ur e d  
T ab l e  3. P l an t  dry w e ight o f  f i v e  c rop s g r own at  
R e d f i e l d ,  S ou t h  D ako t a ,  i n  1 9 8 3, 12 mon t hs a f t e r  
ap p l i c at i on o f  c h lo r s u l fu r o n . a 
C ro p  
C o r n  
S o rghum 
S un f low e r s  
Soyb e an s  
F l ax 
D ry w e ight 
per p l an t  
(� o f  con t r o l ) 
4 a 
5 a 
2 0  b 
2 2  b 
4 6  c 
aM e an s  �a l low e d  b y  t he s am e  l e t t e r  a r e  no t sign i f i c ant l y  
d i ffe r e n t  a t  t he 5� l ev e l . 
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c r o p s , r e ac h i n g  o n l y  4 t o  5% of c o n t r o l , r e s p e c t i v e l y . 
Sun flow e r s  an d s o yb e an s  w e r e  m o r e  t o l e r a n t  b u t b o t h  had 
av e r a ge d r y  w ei g h t  v a lu e s  which r e a c h e d  o n l y  20 t o  2 2% o f  
c o n tr o l , r e s p e c tiv e l y . F l ax a p p e a r e d  t o  b e  mo s t  t o l e r a n t 
but av e r a ge d  o n l y  4 6% o f  c o n t r o l . T h e  l e s s e r  s e n s i tivi t y  
o f  f l ax i n  t his s t udy i s  s u p p o r t e d  b y  t h e  t o l e r an c e  o f  
f l a x t o  p o s t em e r ge n c e  a p p lic a t i o n s  o f  c h l o r su l fur o n  ( 4 5 ,  
4 7). Due t o  t he s i g nifi c a n t  c r op r a t e  i n t e r ac t i o n , c r o p s  
w e r e  fu r t h e r  an a l y z ed s e p a r a t e l y . C r o p  i nju ry , a s  
i n d i c a t e d b y  vis u a l  e v a l ua ti o n s an d p l an t  d r y  w e i g h t s, w a s  
sign i f i c an t  a t  a l l r a t e s  wi t h i n  a l l c r o p s  1 2  mo n t h s a f t e r  
a p p l i c a t i on a t  R e d fi e l d  ( T ab l e  4 ) . Wh e n  c o r n  a n d  s o r ghum 
we r e  gr own i n  p l o t s  p r e v i ou� l y  t r e a t e d  w i t h 0 . 01 7  k g / h a o f  
c h l o r s u l fu r o n , d r y  w e i gh t s w e r e  l e s s  t h an 10% o f  t h a t  o f  
c o n t r o l  p l o t s . B o t h  s o yb e a n s  and s un f l ow e r s  h a d  d r y  
w e i gh t  v a l ue s  o f  l e s s  t h an 20% o f  c o n t r o l  a t  0 . 03 4  k g/h� 
o r  h i gh e r . A t  0 . 017 k g / ha , s o yb e a n s  on l y  r e a c h ed 3 7% o f  
c o n t r o l  wh i l e  s un f l ow e r s  r e a c h e d  5 6% .  F l ax d r y  w e i gh t s  
r an ge d  f r om 5 9% o f  c o n t r o l  a t  0 . 01 7  k g / h a  t o  2 4% a t  
0 . 06 8 . A l l c r o p yi e l d s a t  R ed f i e l d  w e r e  a f f e c t e d b y  
c h l o r s u l fu r o n s o i l  r e s i du e s  a l t h o u gh t h e  m a g ni t u d e  o f  t he 
r e du c t i o n s  w a s  n o t  a s  much a s  dry w e i gh t  e v a l ua t i o n s . 
V i s u a l  i nju r y  r a t i n gs w e r e  b e t t e r c o r r e l a t ed w i t h  y i e l d  
r e du c t i o n ( r  o f  . 8 3) t h an w e r e  dry w e i gh t s  ( r  o f  . 5 9) .  
C r o p  i nju ry a t  Red f i eld w a s  s t i l l  s i gn i fi c an t  24 
mo n t h s a f ter ch l o r s u l fu r o n ap p l i c a tion . D r y w ei g h t s  
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Table 4. Bffect of chlorsulfuron on various crops planted 12 and 24 •onths 
after application at Redfield, South Dakota.8 




per plant rating Yield 
Dry weight 
per plant rating Yield 
kg/ha ----�---' of control----- ________ , of control-----
Corn 0.017 8 a * 53 a * 50 a * 66 a * 93 a 92 a 
0.034 3 b * 35 b * 19 b * 50 b * 80 b * 72 b 
0.068 1 b * 18 c * 5 c * 3 5  c * 50 c * 44 c 
Flax 0.017 5 9  a * 63 a * 50 a * 77 a 100 a 
0.034 41 b * 45 b * 35 b * 81 a 96 a 
0.068 24 c * 22 c * 7 c * 66 a * 90 a 
Sorghu• 0.017 7 a * 45 a * 57 a * 97 a 97 a 
0.034 5 b * 20 b * 22 b * 91 a 87 ab * 
0.068 5 b * 8 -c * 7 c * 72 a * 82 b * 
Soybeans 0.017 37 a * 52 a * 77 a * 89 a 
0.034 19 b * 30 b * 72 a * 80 ab * 
0.068 10 b * 11 c * 63 a * 71 b * 
Sunflower-s 0.017 56 a * 68 a * 72 a * 7 8  a * 90 a 
0.034 18 b * 44 b * 31 b * 73 ab * 68 b * 
0. 068 7 b * 15 c * 8 c * 54 b * 67 b * 
---------------------------------------------------------------------------
aMeans within columns within crops followed by the sa•e letter are not 
significantly different at the 5' level. Means followed by a '*' are 
significantly different fro• 100 as determined by a 95' confidence 
limit. 
bMeans for 12 •onth evaluations represent an average of 1982 and 1 9 8 3  data 
* 
* 
except for soybeans, in which case only 1983 data is presented. Means for 24 
month evaluations represent an average of 198 3  and 1984 data except flax, in 
which case only 1 984 data is presented. Flax yields represent 1 9 82 data. 
Sorghum yields represent 198 3  data. 
2 2  
i n d i c a t e d  t ha t  c o rn w a s  s t i l l  s i gn i f i c an t l y  a f f e c t e d by 
a l l  r a t e s  o f  c h l o r s u l fu r o n  a l t h o u gh v i s u a l  r a t i n g s 
d e t e c t e d  i n j u r y  o n l y  a t  t he t wo h i g h e r  r a t e s . W h i l e  
s o r ghum an d c o r n  app e a r e d  t o  b e  s im i l a r l y  a f f e c t e d b y  
c h l o r s u l fu r o n  1 2  m o n t hs a f t e r  ap p l i c a t i o n , s o r ghum s e em e d  
t o  b e  m o r e  t o l e r an t t han c o rn 2 4  m o n t hs a f t e r  ap p l i c a t i o n 
s i n c e  t he f o rm e r  h a d  a s i gn i f i c an t  dry w e i g h t  r e du c t i o n 
o n l y  a t  t h e  0.0 6 8  k g / h a  r a t e .  A t  0 . 0 1 7  k g / h a s o r ghum dry 
w e i gh t  w a s  a lm o s t  t h e  s am e  a s  t h e  c o n t r o l  w h i l e  c o r n 
r e ac h e d o n l y  6 6% o f  i t s  c on t r o l  v a l u e . S oy b e an i n j u r y  w a s  
s i gn i f i c an t  a t  a l l r a t e s  w i t h d r y  w e i gh t s  d e c l i n i n g  
g r adua l l y a s  c h l o r s u l fu r o n  r a t e  i n c r e as e d . F l ax w a s  n ot 
e v a l ua t e d i n  t h e  1 9 8 3  2 4 -mo� t h  s t u dy due t o  p o or stand. 
A s i gn i f i c an t  d r y  w e i gh t  r e du c t i o n w a s  o b s e rv e d  a t  0 .068 
k g/ ha i n  t he 1 9 8 4  2 4  m o n t h  s t udy , h o w ev e r . S un f l ow e r s  
s h ow e d  s i gn i f i can t i n j u r y  a t  a l l r a t e s  2 4  m o n t hs a f t e r  
ap p l i c a t i o n . 
In an e f f o r t  t o  mo r e  a c c u r a t e l y  de t e rm i n e  
c h l o r s u l fu r o n  r e s i du a l  a c t i v i t y a t  R e d f i e l d , o n l y  c orn a n d  
s u n f l ow e r s  were planted int o t h e 3 6  m o n t h  old carr y over 
s t udy i n  1 9 8 4. Th i s  p r o v i d e d  f or m ore replicati ons an d a 
m o r e  s en s i t i v e  s t a t i s t i c a l  an a l y s i s . Th e s e  t w o  c r o p s  were 
c h o s en s i n c e  c o rn s e em e d  to be the m ost sensitive cr op 
t e s t e d i n  t h e p r e v i o u s  e x p e r im e n t s  an d sunf l o w ers among 
the least sensitive. T ab�e 5 c ontains the r esults o f  this 
experiment. A l l c h l o r s ul fu r o n rates reduced c orn dry 
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T ab l e  5 .  E f fe c t  o f  c h l o r s u l fu r o n r a t e  o n  c o rn a n d  
s un f l ow e r s , 36 mo n t hs aft e r  app l i c a t i on a t  R e df i e l d , S o u t h  
D ak o t a  . ·a . 
C r o p  R a t e  
kg / h a  
C o rn 0 . 0  
0 . 0 1 7  
0 . 0 3 4  
0 . 06 8  
S un f l ow e r s  0 . 0 
0 . 0 1 7  
0 . 0 3 4  
0 . 068 
D ry w e igh t  
p e r  p l an t  
g r am s  
63 . 6  a 
5 4 . 3  b 
4 7 . 1  c 
4 0 . 3  d 
7 4 . --2 a 
8 0 . 5  a 
7 8 . 1  a 
8 8 . 4  a 
V i s ua l  
r a t i ng 
' o f  con t r o l  
9 8  a 
9 1  ab 
7 7  b * 
1 0 0  
1 0 0  
1 0 0  
1 0 0  
y i e l d  
kg / p lot 
8 . 3 ab 
8 .  7 . ab 
9 . 1 a 
7 . 1 b 
aM e a n s  w i t h i n  c o l umn s w i t h i n  c rops fo l l ow e d  b y  the sam e 
l e t t e r  a r e  no t s ign i f i c an t l y d i f f e r ent . at  the 5 %  l ev e l .  
V i s u a l  r a t i ng s  fo l l w e d  b y  a '* ' a r e  s ign i f i cant l y 
d i f f e r e n t  fr om 1 0 0  as  de t e rm i n e d  b y  a 9 5 %  con f i d e n c e  
l im it .  
2 4  
w e i gh t s  3 6  m o n t h s  a f t e r  a p p l i c a t i o n an d a l l r a t e s  w e r e  
s i gn i f i c an t l y  d i f fe r e n t  f r om e a c h  o t he r . V i s u a l  r a t i n g s , 
h o w e v e r , o n l y  de t e c t e d s i gn i f ican t i nju r y  a t  t h e  0 . 0 6 8 
k g/ ha r a t e . C o r n y i e l ds f o r  a n y  t r e a t m e n t  w e r e  n o t  
s i gn i f i c an t l y d i f f e r en t  f r om t h e  c h e c k . S un f l ow e r  d r y  
w e i gh t s  an d v i s u a l  e v a l u a t i o n i n d i c a t e d n o  s i gn i f i c an t  
d i f f e r e n c e s . 
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N o  s i gn i f i c an t  r e d u c t i o n s  i n  c r o p  s t an d  o r  p l an t  
d r y  we i gh t s  o c cu r r e d  i n  a n y  c r o p  i n  1 9 8 2 , 1 2  m o n t hs a f t e r  
a p p l i c a t i o n , o r  i n  1 9 8 3 , 2 4  m o n t h s a f t e r  a p p l i c a t i o n 
(T ab l e  6 ) . H o w e v e r , c r o p i njury w a s  n o t e d 1 2  m o n t h s  a f t e r  
a p p l i c a t i o n- i n  t h e e x p e r i m e n t  e s t ab l i s h e d  i n  1 9 8 2  
( T ab l e  7 ) . C o rn d ry w e i gh t s  we r e  r e duc e d  s i gn i f i c a n t ly a t  
a l l l e v e l s  o f  r e s i du a l  c h l o r s u l fu r o n  wh i l e  s un f l o w e r an d 
s oyb e an d ry w e i gh t s w e r e  s i gn i f i c an t ly r e d u c e d  a t  0 . 0 6 8 
k g/h a . An an o m a l y  o c c u rr e d  i n  t h e dat a f o r  s o r ghum d ry 
w e i ght s a t  0 . 0 3 4 an d 0 . 0 6 8 k g / h a . V i s u a l  r a t i n g s w e r e  
s i gn i f i c a n t ly d i f f e r e n t  f o r  a l l c r o p s  a t  0 . 0 6 8 k g / h a  wh i l e  
c o rn an d s o r ghum w e r e  a l s o . i n j u r e d  a t  t h e  tw o l ow e r  r a t e s . 
I n  1 9 8 4 , n o  s i gn i f i c an t  i njury w a s  ob s e r v e d i n  any c r o p  
p l an t e d  2 4  m o n t h s  a f t e r  ap p l i c a t i o n  o f  ch l o r s u l f u r o n 
e x c e p t  f o r  t he a n om a l o u s  d a t a fo r p l an t  d ry w e i g h t . T h e  
o n ly s i gn i f i c a n t  y i e l d  r e d u c t i o n i n  any o f  t h e  ·w a t e r t own 
e x p e r i m e n t s  o c c u r r e d  in s o r ghum , 12  m o nths a f t e r  
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Tab le 6. lffect of chlorsulfuron rate on various crops pl anted 1� and 24 
aonths after application in 1981, Watertown, South Dakota.a 




per p l ant ratin' Yield 
Dry weight 
per plant rating Yield 
k'/ha -------� of control------ _______ , of control------
Corn 0.017 103 a 100 a 107 a 116 a 100 105 a 
0.034 73 a 95 a 92 a 155 a 100 103 a 
0.068 65 a 92 a 91 a 138 a 100 113 a 
Flax 0.017 91 a 100 a 41 a 94 a 100 
0.034 88 a 100 a 90 a 94 a 100 
0.068 77 a 95 a 70 a 109 a 100 
Sorghu• 0.017 103 a 100 a 93 a 97 a 100 80 a 
0.034 67 a 100 a 104 a 88 a 100 98 a 
0.068 66 a 95 _a 73 a 108 a 100 98 a. 
Soybeans 0.017 114 ab 100 a b 110 a 100 97 a 
0.034 105 a 100 a 124 a 100 101 a 
0.068 144 ab * 100 a 123 a 100 91 a 
Sunflowers 0.017 121 a 100 a 98 a 115 a 100 
0.034 97 ab 100 a 86 a 123 a 100 
0.068 80 b 91 a 69 a 116 a 100 
----------------------------------------------------------- ----- --- ---------
aMeans within coluans within crops followed by the saae letter are not 
significantly different at the 5� level. Means followed by a '*' are 
significantly different froa 100 as deter•ined by a 95� confidence 
li•it. 
boata not collected due to poor harvest conditions. 
* 
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Table 7. Effect of chlorsulfuron on various crops planted 12 a�d 24 months 
after herbicide application in 1982 at Watertown, South Dakota. a 




per plant rating Yield 
Dry weight 
per plant rating Yield 
















70 a * 










74 a * 
100 a 
96 a 
49 b * 
75 a * 
71 ab* 
56 b * 
96 a 
90 ab 
80 b * 
82 a * 
74 a * 
46 b * 
95 a 
87 a 
70 b * 
97 a 
92 a 
72 b * 
85 a 93 a 97 a 
86 a 84 a * 95 a 
86 a 91 a 97 a 
93 a 100 a 
99 a 100 a 
100 a 95 a 
88 a 112 a 100 a 
84 a 102 a 100 a 




113 a 100 a 
97 a 92 a 
105 a 87 a 
aMeans within coluans within crops followed by the saae letter are not 




significantly different from 100 as determined by a 95� confidence limit. 





appl i c a t i o n o f  0 . 0 6 8  k g / h a o f  ch l o r su l fu r o n . 
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C r op i njur y  w a s  sub s t an t i a l l y l e s s a t  W a t e r t ow n  
t h an t h a t  o b s e r v e d  a t  R e df i e l d .  W h e n  d a t a  f o r  t h e  t w o  
s i t e s w e r e  c omb i n e d, F t e s t s  fo r dif f e r e n c e s  b e t w e e n  
l o c a t i o n s  w e r e  s i gn i f i c a n t  a t  t h e 0 . 000 1 l ev e l  f o r  d ry 
w e i gh t s  a n d v i su a l r a t i n g s . V a r i a t i o n in c r op i njury 
b e t w e e n  t h e  t w o  l o c a t i o n s  c an n o t  b e  e xp l a i n e d b y  
d i f f e r en c e s  i n  c l i ma t e ( T able 1 ) . T emp e r a t u r e an d t o t a l  
p r e c i p i t a t i o n  w e r e  s i m i l a r a t  b o t h  s i t e s  e a c h  g r o w i n g  
s e a s o n. T h e  m ajo r v a r i a t i o n s  b e t w e e n l o c a t i on s  w e r e  in 
s o i l p H  an d o r g an i c  mat t e r. At R e d f i e l d  t h e  s o i l  p H  w a s  
2 7  
6 . 5  an d o r g an i c  m a t t e r c o n t e n t  w a s  2 . 5% .  S o i l  w i t h i n t h e  
1 9 8 1  e xp e r i m e n t  at  W a t e r t own h a d  a p H  o f  5 . 3  an d o r g an i c  
ma t t e r c o n t e n t  o f  3 . 5% .  I n  t h e  1 9 8 2  e x p e r i m e n t  a t  
W a t e r t own , p H  a n d  o r g an i c  ma t t e r  c o n t e n t  w a s  v a r i able , 
f o rmin g a g r a d i e n t  f r om t h e  f i r s t  r e pl i c a t i o n t o  t h e 
f our t h . N o  c h a n g e  i n  t e x tu r e  o c cu r r e d  al o n g  t h i s  
g r ad i e n t. H i ghly s i gn i f i c an t  d i f f e r e n c e s  b e t w e e n  
r ep l i c a t i o n s  o c cur r e d . W i t h i n  t h e  0 . 06 8  r a t e o n  c o r n , f o r  
ex amp l e, v i sua l i njur y  r a t i n gs r a n g e d  f r o m 9 5% i n  t h e  
f i r s t  r ep l i c a t i o n t o  10% i n  t h e  f ou r t h . A c ompa r i s o n o f  
c r op i n j u r y  t o  s o i l pH a n d  o r gan i c  m a t t e r  c o n t e n t , w a s 
m a d e. T h e  mu l t i p l e  c o r r e l a t i o n c o e f f i c i e n t  f or t h e 
r e l a t i o n s h i p  b e t w e e n  p H, o r g an i c  m a t t e r· c o n t e n t , an d c r o p  
\ . 
2 8  
i nju r y  o c c ur r i n g  o n e  y e a r  a f t e r  c h l o r s u l fu r o n app l i c a t i o n 
wa s 0 . 8 2 ,  i n d i c at i n g  a h i gh l y  s i gn i f i c an t  c o r r e l a t i o n 
b e t w e en t h e s e  t h r e e  v ar i ab l e s . P a r t i a l c o r r e l a t i o n 
c o e f f i c i e n t s  i n d i c a t e d  t h a t  pH w a s  s i gn i f i c an t l y 
c o r r e l a t e d w i t h c a r ry o v e r  i n j u r y  a t  a c o n s t an t  o r g a n i c  
m a t t e r  c o n t en t  (p a r t i a l  r = . 7 0) ; h o w ev e r , o r g an i c  m a t t e r  
c on t e n t  w a s  n o t  s i gn i f i c an t ly c o r r e l a t e d w i t h  c a r r y o v e r  
i n j ur y  a t  a c o n s t an t  p H  (pa r t i a l r = . 1 2 ) . T h e r e f o r e  t he 
m a i n  fa c t o r  a f f e c t i n g  c a r r y o v e r  o f  c h l o r s u l fu r o n  w a s  pH . 
A c u r v e an d e qu a t i o n d ep i c t i n g  t h i s  r e l a t i o n s h ip w a s  
p r o du c e d  b y  c u r v i l i n e a r  r e gr e s s i o n an a ly s i s  an d i s  
p r e s e n t e d i n  F i gu r e 1. An y appar e n t c o r r e l a t i o n b e tw e e n  
o rgan i c  m a t t e r c o n t e n t  a n d  c a r ry o v e r  i n  t h i s  e xp e r i m e n t 
w a s  • r e f l e c t i on o f  t h e  as s o c i a t i o n b e tw e e n  pH a n d  o r g an ic 
m a t t e r ( r  = . 7 9 ) .  
S i n c e  t h i s w o rk d i d n o t  m e a s u r e  d e c omp o s i t i o n o f  
t h e  he r b i c i de d i r e c t l y, spe c i f i c  c on c l us i o n s  r e g a r d i n g  t he 
e f f e c t  o f  pH o n  r e s i du a l  ch l o r s u l fu r on a c t i v i ty c a n n o t  b e  
m a d e . T h e  v a r i a t i o n i n  c r op i nju r y  may ha v e  b e e n  c a u s e d  
b y  a d i f f e r e n c e  i n  r a t e o f  d e c omp o s i t i o n c au s e d  b y  p H  o r  
b y  d i f f e r e n c e  in a d s o rp t i o n i n  s o i l  c o n s t i t u e n t s  a n d  
av a i l ab i l i t y f o r  p l an t  up t ak e . Th i s  a u t h o r p r op o s e s t h e 
f o rm e r  a s s umpt i o n o v e r  t h e  l a t t e r . E v i d en c e  i n d i c a t e s  
t h a t  t h e  a d s o rp t i o n o f  c h l o r s u l fu r o n  t o  s o i l c o n s t i t u e n t s , 
e s pe c i a l l y c l ay p a r t i c l e s' i s ·qu i t e  l ow un d e r m o s t  






















y= ------------------• 1 + e ( 11.6 9-.0 1 x 4) 
r2 = .84 
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SOIL pH 
Figure 1. Effect of soil pH on residual ch1orsu1furon activity 12 months 
after application in 1982 at Watertown, SO. Observed data values 
are indicated by (*). 
) . 
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o r gan i c  m a t t e r t o  c r o p  i nju ry in t h i s  i n s t a n c e  w a s  
ap p a r en t l y  l ow .  O n  t h e  o t h e r  han d , hy d r o l y s i s  o f  t h e  
ch l o r s u l fu r on m o l e c u l e  t o  t h e n o n p hy t.o t o x i c  p r o d u c t s, 
2 - c h l o r ob e n z e n e- s ul f o n am i d e an d 2 - am i n o- 4 - m e t h o x y- 6 
-m e t hy l - 1 , 3, 5 - t r i a z i n e , i s  g r e a� l y a f f e c t e d i n  a q u e o u s  
s o l u t i o n  b y  p H . T h e  p a r e n t  m o l e c u l e  i s  qu i t e . s t ab l � a t  a 
s o l u t i o n  p H  c l o s e  t o  7 . 0  b u t r a p i d  hydr o l y s i s o ccu r s  a t - a 
s o l u t i o n p H  ab o v e  9 . 0 o r  b e l ow 5 . 0 ( 2 1) .  T h e  cu r v e in 
F i gu r e  1 ( r 2 = . 8 4 )  is  l o g i c a l  i n  l i gh t  o f  t h e p r e c e d i n g  
d i s c us s i o n .  A s  s o i l  p H  d r o p s  b e l ow 5 . 5  t h e  p H  n e a r  s o i l  
co l l o i d  s u r f ac e s  may r e a c h  v a l u e s  b e l ow 4 . 0 ( 2 8 ) . 
C h l o r s u l f u r o n  i s  r ap i d l y  hyd r o l y z e d  at t h i s  p H  l e v e l  an d 
t h e l e v e l  o f  r e s i du a l  he rb i c i d e a v a i l ab l e f o r  i nju r y  · t o  
r o t a t i o n a l  c r o p s  i s  g r e a t l y  r e du c e d . O n  t h e  o t h e r  h an d , 
a s  s o i l p H  r e a c h e s  n e a r  7. 0 t h e  ch l o r s u l f u r o n m o l e c u l e  
b e c om e s  m o r e  s t ab l e ,  c au s i n g  m o r e  c r o p  i nju r y  i n  
s ub s e qu e n t  g r ow i n g  s e a s o n s . T h i s  s c heme o f  dec om p o s i t i on 
in s o i l s i s  s i m i l a r , i n  p a r t , t o  t h a t  d e t e rm i n e d  f o r  t h e 
t r i a z i n e  h e r b ic i d e s  i n  ( 1 ) . 
H �r Q i s i4 � _ 1 n ! � r � s1 i 2 n_ § ! � 4 ! � §  
R e s u l t s  o f  t h e  ch l o r s u l f u r on- a l ach l o r -ch l o r amb e n  
g r e e n h o u s e s t u dy a r e  p r e s en t e d  i n  T ab l e  8 .  C h l o r s u l fu r on 
d i d  n o t  ap p e a r t o  s i gn i f ican t l y  a f f ec t  s o yb e an f r e s hw e i g h t  
a t  t h e r a t e s  t e s t e d .  T h e  a d d i t i o n o f  a l ach l o r d i d  n o t  
s i gn i f ican t l y  a f f ec t  ch l o r s u l fu r on ac t i v i t y . H o w e v e r , 
T ab l e 8 .  E ff e c t s  o f  a l ac h l o r a n d  c h l o r amb en o n  
c h l o r s u l fu r on i n j ury t o  s oyb e an s . G r e en h o u s e e x p e r i m en t . 
C h l o r s u l fu r on A l ac h l o r  C h l o r amb en 
------------- - ( kg ai / h a ) -----�-------
. 0 0 1 1  0 0 
. 0 0 2 1  0 0 
. 0 0 4 2  0 0 
. 0 0 1 1  2 . 25 0 
. 0 0 2 1 2 . 25 0 
. 0 0 4 2  2 . 25 0 
. 0 0 1 1  0 2 . 2 5 
. 0 0 2 1  0 2 . 2 5 
. 0 0 4 2  0 2 . 2 5 
. 0 0 1 1  2 . 2 5 2 . 2 5 
. 0 0 2 1  2.25 2 . 2 5 
. 0 0 4 2  2.25 2 . 2 5 
0 2.25 0 
0 0 2 . 2 5 
0 0 0 
F r e s hw e i gh t 8 
( g ) 
4 .  6. ab 
4 .  5 ab 
4 .  3 ab 
4 .  4 ab 
4 .  5 ab 
4 . 7 a 
3.4 d 
3 . 2  d 
3 . 4  d 
3 . 6  c d  
3 . 5  d 
3.2 d 
4 .  5 ab 
4 . 0 b e  
4 . 1 b e  
8Me an s  fo l l ow e d  b y  the s am e  l e t te r  a r e  n o t  s i gn i f i c an t l y 
d i ffe r en t  a t  t he 5 %  l e v e l . 
31 
w h e n  c h l o r amb e n  w as app l i e d t o  p o t s  c on t a i n i n g  
c h l o r s u l fu r o n t r e a t e d s o i l , s o yb e an f r e s hw e i gh t s w e r e  
s i gn i f i c an t l y l e s s  t h an wh e n  p l an t s  w e r e  g r own i n  s o i l  
c o n t a i n i n g  c h l o r s u l fu r o n  a l o n e . T h i s  w a s  a l s o  t r u e  f o r  
t he a l ac h l o r- c h l o r amb e n  c omb i n � t i o n  app l i e d  t o  
c h l o r s u l fu r o n  t r e a t e d  s o i l . Th e s e  r e s u l t s  i n d i c a t e  a 
3 2  
p o s s i b l e s yn e r g i s t i c  i n t e r a c t i o n b e t w e e n  c h l o r s u l f u r o n . an d 
c h l o r amb e n . H o w e v e r , t he r e s u l t s  o f  a f i e l d  s t u dy , 
s i m il a r  t o  t h e  g r e e n h o u s e e x p e r i m e n t , d i d  n o t  s up p o r t  
s i m il a r  c o n c l u s i o n s  ( T ab l e  9) . W h i l e  c r op i nju r y  
i n c r e a s e d  w i t h  i n c r e as i n g  c h l o r s u l fu r on r a t e , t h e  a d d i t i o n 
o f  p r eem e r g en c e  t r e a t m e n t s  o f  a l a c h l o r , c h l o r amb e n ,  o r  
a l ac h l o r - c h l o r amb e n  c om i n a t i o n s  h a d  n o  e f f e c t  o n  d r y  
we i gh t s  o r  v i s u a l  i n j u r y  r a t i n gs . 
Mu l t i p l e  r e g r e s s i o n an a l y s i s  o f  v i s u a l  r a t i ngs 
t ak e n  f r o m t h e  c h l o r s u l fu r o n - t r i f l u r a l i n  e x p e r i m e n t at 
O akw o o d  p r o du c e d  an e qu a t i o n wh i c h a c c o un t e d  f o r  7 8% o f  
t h e v a r i a t i o n i n  t h e d a t a .  Th i s  e q u a t i o n a n d t h e  
p r e d i c t e d s u r f a c e  r e s p o n s e  a r e  p r e s e n t e d i n  F i gu r e  2 .  
B o t h  t h e  e qu a t i o n a n d  t h e  s u r f a c e  r e s p o n s e i n d i c a t e  
i n c r e a s i n g  ch l o r s u l fu r o n  r a t e i n c r e as e s  c r o p  i nju r y  b u t  
t r i f l u r a l i n· r a t e h a s  l i t tle e f f e c t . No c h l o r s u l fu r o n  by 
t r i f l u r a l i n  i n t e r a c t i o n w a s  ob s e rve d . 
C h l o r s u l fu r o n  i n t e r a c t i o n s  w i t h  t r i f l u r a l i n , 
a l ac h l o r , a n d  c h l o r amb e n  a t  R e d f i e l d  i n  1 9 8 3 a r e  p r e s e n t e d 
i n  T a b l e s 1 0 , 1 1 , an d 1 2 , r e s p e c t i v e l y .  I n  a l l t h r e e  
33 
Tab l e  9 .  Effects of a l achlor and chlo ra•ben on ch l o r s u l furon inj ury to 
s oybeans. Oakwood research s ite, 1982 . a 
Ch1 o r s u l furon A 1 ach1 o r  Ch l o ra•ben 



























































( g ) 
202 . 75 ab 
168 . 50 a-g 
129 . 50 d-g 
129 . 75 d-g 
178 . 75 a-e 
171 . 00 a- f 
126 . 50 e-g 
104 . 00 gf 
209 . 00 ab 
197.25 a-c 
119 . 50 e-g 
130 . 00 d-g 
173 . 25 a-e 
163 . 00 b-g 
1 31.00 c-g 
102 . 25 g 
230 . 75 a 
200.75 ab 
195.25 a-d 
Vis ual r at i n g  
( � ) 
0 
13 de f 

















aM e ans within co l u•ns followed by the s a•e letter are not s ignificantly 
diff e r erit at the 5� level. 
C I = 4 4 6 9 .  5 C + 2 1 • 4 y2 - 1 2  • 4 T 3 
R 2 = .  7 8  
C R O P  I N J U R Y  
I % 1  
56 . 3 2 
3 7 . 5 4 
J 8 .  7 7  
o . oo 
o . o J  
C H L O R S U L F U R O N  
I kg/ ha l 
Fi gure 2 .  C rop i nj u ry res u l t i ng from va ri ous comb i na t i ons o f  ch l o rsu l fu ron and t ri fl u ra l i n  a t  the 
Oa kwood re sea rch s i te in 1 982 . C rop i nj u ry i s  based on v i s u a l  ra t i ng s  on a s c a l e  o f  0 to 
100 wi t� 0 = no i nj ury a nd 1 00 = comp l e te k i l l .  
I . 6 8 
w 
..J:::o 
T ab l e  1 0 . C h l o r s u l fu r o n- t r i f l u r a l i n  i n t e r ac t i on s  o n  
s un f l owe r s . R e d f i e l d ,  S o u t h  D ak o t a , 1 9 8 3 . a 
C h l o r s u l fu r Q n 
. R a t e 
T r i f l u r a l i n  
Rat e 
C r o p  
In j ur y  
C r o p 
He i gh t  
3 5  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
_ _ _ _ _ _ _ _  k g/ h a  _ _ _ _ _ _ _ _  - - -� - - em 
0 . 0  0 . 0  0 a 5 3  
0 . 0  0 . 5 6 5 a 5 6  
0 . 0  1 . 1 2 5 a 5 0  
0 . 0 3 4  0 . 0  42  b 4 2  
0 . 0 3 4 0 . 5 6 4 3  b 4 2  
0 . 0 3 4  1 . 1 2 5 8  b e  3 1  
0 . 0 6 8  0 . 0  9 8  d 1 0  
0 . 0 6 8  0 . 5 6 7 6  c d  2 8  
0 . 0 6 8 1 . · 1 2  9 2  d 1 9  
aM e a n s  wi t h i n  c o l umn s fo l l ow e d  b y  t h e  s am e  l e t t e r a r e  






b e d  
d 
c d  
d 
T ab l e 1 1 . C h l o r s u l fu r o n- a l a c h l o r  i n t e r a c t i on s  on 
s un f l owe r s . R e d f i e l d ,  S ou t h  D ak o t a ,  1 9 8 3 . a 
C h l o r s u l fu r o n  
R a t e  
A l aeh l o r  
R a t e 
_____ k g/ ha _ _ _ _ _ ____ 
0 . 0  0 . 0  
0 . 0  1 . 4  
0 . 0  2 . 8  
0 . 0 3 4  0 . 0  
0 . 0 3 4  1 . 4  
0 . 0 3 4 2 . 8  
0 . 0 6 8  0 . 0  
0 . 0 6 8 1 . 4  
0 . 0 6 8  2 . 8 
C r op 





94 b e  
9 3  b 
9 9  c 
1 0 0  c 
1 0 0  c 
1 0 0  c 
C r op 
He i gh t  
em 
5 6  a 
5 8  a 
5 6  a 
3 c 
1 4  b 




8M e an s  w i t h i n  c o l um n s  f o l l ow e d  b y t he s am e  l e t t e r  a r e  
n o t  s i gn i f i c an t l y d i f f e r e n t  a t  t h e  5 %  l e v e l . 
36 
T ab l e 1 2 . C h l o r s u l furon- ch l o r amb en i n t e r ac t i o n s  o n  
s un f l owe r s . R e d f i e l d , S ou t h  D ak o t a ,  1 9 8 3 . 8  
C h l o r s u l fu r o n  
Rat e 
C h l o r amb e n  
Ra t e  · 
_____ k g / ha _________ 
0 . 0  0 . 0  
0 . 0  1 . 4  
0 . 0  2 . 8  
0 . 0 3 4  0 . 0  
0 . 0 3 4 1 . 4  
0 . 0 3 4 2 . 8  
0 . 0 6 8  0 . 0  
0 . 0 6 8  1_. 4 
0 . 0 6 8  2 . 8  
C r op 




1 8  a 
5 8  b 
7 2  b 
9 5  c 
1 0 0  c 
9 7  c 
9 8  c 
C r o p  
H e i gh t  
e m  --
6 0  a 
5 8  a 
5 5  a 
3 6  b 
3 1  b 




aM e an s  w i t h i n  c o l umns f o l l owed b y  t h e  s ame l e t t e r a r e  
n o t  s i gn i f i c an t l y d i f f e r e n t  at t h e  5 %  l e v e l . 
3 7  
e x p e r i m e n t s  c h l o r s u l fu r on c aus e d  s i gn i f i c an t i nju ry a s  
m e a s u r e d  by v i s u a l  r a t i n g s  an d h e i gh t  m e a s u r em e n t s . 
T r i f l u r a l i n  a l o n e  d i d  n o t  a f f e c t  s un f l ow e r  g r ow t h  an d n o  
s i gn i f i c a n t  i n t e r ac t i on w i t h c h l o r s u l fu r o n  w as o b s e r v e d  
( F  v a l u e  o f  1 . 00 w i t h  a p r ob ab i l i ty o f  a g r e at e r  F o f  
3 8  
0 . 45) . A l a c h l o r  a l s o  d i d  n o t  a f f e c t  s un f l ow e r  g r o w t h  an d 
n o  s i gn i f i c an t  a l ac h l o r - c h l o r s u l fu r o n  i n t e r a c t i o n o c cu r r e d  
( F  o f  0 . 7 1  w i t h  p r �b ab i l ty o f  a g r e a t e r  F o f  0. 6 0 ) . 
C h l o r amb e n  h a d  n o  s i gn i f i c an t  e f f e c t  on s un f l ow e r  g r o w t h . 
H ow e v e r , c h l o r s u l fu r o n- c h l o r amb e n  i n t e r ac t i o n w a s  
s i gn i f i c an t at  t h e  0 . 12 l e v e l f o r  s un f l ow e r  h e i gh t . 
Sun f l ow e r  h e i gh t  d e c r e a s e d  f r om 3 6  em t o  1 3  em a s  
c h l o r amb e n  r a t e w a s  i n c r e a s e d  f r om 0 . 0  t o  2. 8 k g  a i / h a .  
T h e  g r o w t h  o f  s oyb e an s  i n  t h e  1 9 8 3  i n t e r ac t i o n e x p e r i m e n t 
a t  R e d f i e l d  w a s  p o o r  a n d  c o n s e q u e n t ly n o  d a t a w a s  t ak e n . 
He avy r a i n s · a f t e r  p l an t i n g  c aus e d  c r us t i n g  o f  t h e s o i l  an d 
p o o r - e m e r g e n c e  i n  a l l o f  t h e  1 9 8 2  R e d f i e l d  i n t e r a c t i o n 
s tud i e s · w i t h  n o - p l an t s  eme r g i n g  i n  any o f  t h e  
ch l o r s u l fu r o n  t r e a t e d  p l o t s . 
T h e  p o s s i b i l i ty o f  c h l o r s u l fu r o n  i n t e r a c t i o n w i t h  
o t h e r  h e r b i c i d e s  s h o u l d b e  i nv e s t i g a t e d fu r t h e r . A l t h ough 
n o n e  of t h e  f i e l d  s tud i e s i n d i c a t e d  s i gn i f i c an t  
i n t e r a c t i o n s  b e l ow t h e  0 . 1 2  p r ob ab i l i ty l ev e l , t h e  
g r e e n h o u s e e x p e r i m e n t  i n d i c a t e d  a p o s s i b l e  syn e r g i s t i c 
ac t i o n  b e t w e en c h l o r s u l fu r o n  an d c h l o r am b e n . T h e s e f i e l d  
e x p e r i m e n t s  w e r e  c om p l i c a t e d b y  un e x p e c t e d e f f e c t s  o f  s o i l 
3 9  
typ e  o n  c h l o r s u l fu r o n  a c t i v i t y . F o r  opt i mum e v a l u a t i o n o f  
i n t e r a c t i o n , p l an t  i n j ur y  s h ou l d  a v e r a g e 5 0% ( 4 9 ) . A t  t h e  
O akw o o d  r e s e ar ch s i t e  t h i s  c ri t e·r i o n w a s  a d e qu a t e ly me t ; 
h o w e v e r , n o  c h l o r s u l fu r o n i n j u ry w a s  ob s e r v e d  w h e n  t h e 
s am e  e xp e r im en t s  w e r e  dup l i c a t e d  a t  W a t e r t o w n . I n f o r­
ma t i o n av a i l ab l e  a t  t h e  t i m e  t h e  W a t e r t own e xp e r i m e n t s  
w e r e  e s t ab l i s h e d  i n d i c a t e d t h a t  s o i l f a c t o r s  w e r e  s i m i l ar 
a n d  t h a t  t h e  s am e  c h l o r s u l fu r o n  r a t e s  c o u l d  b e  u s e d . 
H o w e v e r , t h e  s l i gh t ly l ow e r  pH an d h i gh e r  o r g an i c  m a t t e r 
c o n t en t  o f  t he s o i l  a t  W a t e r t own , l ow e r e d  c h l o r s u l fu r o n  
a c t i v i ty a n d n o  c r op i n j u ry w a s  ob s e rv e d  a t  any r a t e o f  
c h l o r s u l fu r o n . A t  R e d f i e l d ,  s o i l  c o n d i t i o n s  c a u s e d  
c h l o r s u l fu r o n  t o  r e m a i n  e x t r em e ly ac t i v e  u p  t o  t w o  y e a r s  
a f t e r  app l i c a t i o n .  Th i s  r e s u l t e d i n  c r op i n j u ry w h i c h  w a s  
t o o h i gh f o r  a d e qu a t e e v a l ua t i o n o f  i n t e r a c t i o n . Un t i l  t h e  
e f f e c t s  o f  � o i l  f a c t o r s  s u c h  a s  p H  an d o r g an i c  m a t t e r o n  
c h l o r s u l fu r o n  a c t i v i ty a r e  e l u c i d a t ed , t e s t s  f o r  
c h l o r s ul fu r o n  i n t e r a c t i o n s  w i l l  hav e t o  b e  m a d e  a t  s i t e s 
w h e r e  c h l o r s u l fu r o n s o i l . ac t i v i ty h a s  b e e n  p r ev i o u s ly 
m e a s u r e d . 
4 0  
S UMMARY 
C h l o r s u l fu r o n  c au s e d  s i gn i f i c an t  i n j u r y  t o  c o rn , 
f l ax , g r a i n  s o r ghum , s o yb e an s , an d s un f l ow e r s  1 2  m o n t h s 
a f t e r  app l i c a t i o n o f  0 . 0 1 7 , 0 . 0 3 4 , o r  0 . 0 6 8 k g  a i / h a 
p o s t em e r g e nc e  t o  s p r i n g  whe a t  • t  Re d f i e l d .  C r o p  y i e l d s 
w e r e  a l s o  s i gn i f i c an t l y  r e du c e d  b y  a l l r a t e s . 
C h l o r s u l fu r o n  a t  a l l  r a t e s  c o n t i n u e d  t o  i n j ur e  c o r n , 
s o yb e a n s , an d s un f l ow e r s  2 4  m o n t h s  a f t e r  ap p l i c a t i o n w h i l e  
f l ax an d s o r ghum w e r e  s i gn i f i c an t l y a f f e c t e d  a t  0 . 0 6 8  k g  
a i / h a . C o r n  w a s  s u s c e p t i b l e  t o  c h l o r s u l fu r o n  r e s i du e s  3 6  
mo n t h s  a f t e r  ap p l i c a t i o n b u t s un f l ow e r s  w e r e  n o t  a f f e c t e d .  
C r o p  i n j ur y  was s i gn i f i c a n t l y l e s s  at  W a t e r t own , 
p o s s i b l y d u e  t o  a l ow e r  s o i l  p H  an d . h i gh e r  o r g an i c  m a t t e r 
c o n t e n t  a t  t h i s  s i t e . A n a l y s i s  o f  a p H  an d o r g a n i c  m a t t e r  
g r a d i e n t  wh i c h o c c u r r e d  a t  W a t e r t ow n  i n d i c a t e d  t h a t  
c h l o r s u l f u r o n  i n j u r y  i n c r e as e d r a p i d l y  as  p H  r o s e  f r om 5 . 0  
t o  7 . 0 . T he s e  r es u l t s  i n d i c a t e  t h a t  gr owe r s  i n  t h e  
N o r t he rn G r e a t P l a i n s  s h ou l d  b e  aw a r e  o f  p H , b e f o r e  
p l an t i n g  o t h e r  c r o p s  i n  r o t a t i o n w i t h  c h l o r s u l fu r o n  
t r e a t e d wh e a t  o r  b ar l e y . 
F i e l d  s t u d i e s  i n d i c a t e d  n o  s i gn i f i c an t  
i n t e r a c t i o n s  b e tw e e n  c h l o r s u l fu r o n  and · a l a c h l o r , 
c h l o r amb en , o r  t r i f l u r a l i n  i n  s o yb e a n s  o r  s un f l ow e r s . 
H o we v e r , a g r e e n h ou s e  e x p e r i me n t  d i d  s h ow s o yb e a n s t o  b e  
mo r e  i n j ur e d  w h e n  c h l o r amb e n  w a s  a p p l i e d t o  s o i l 
c o n t a i n i n g  c h l o r s u l fu r o n . 
L I TE RA T URE C I TE D  
1 .  A r m s t r o n g , D .  E . , G .  C h e s t e r s , an d R .  F .  H a r r i s . 
1 9 6 7 . A t r a z i n e  hyd r o l y s i s  i n  s o i l . S o i l  S c i . S o c . 
Am . P r o c . 3 1 : 6 1 - 6 6. 
2 .  - - - - - - ' an d - - - - - - . 1 9 6 8. A d s o rp t i o n c a t a l y z e d  
c h em i c a l  h y d r o l y s i s  o f  a t r a z i n e . E n v i r o n . S c i . a n d 
T e ch . 2 : 6 8 3 - 6 8 9 . 
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3 .  A rn o l d ,  W .  E . , M .  A .  W r u ck e , S .  R .  G y l l i n g , an d J .  A .  
H o l m d a l . 1 9 7 9. E v a l u a t i o n o f  w e e d  c o n t r o l  o n  s p r i n g  
w h e a t . N o r t h  C e n t . W e e d  C o n t r o l  C o n f . R e s . R e p . 
3 6 : 8 8 - 8 9. 
4. Arn o l d ,  W .  E . , M .  A .  W r u ck e , an d M .  D .  An d e r s o n . 
1 9 8 3 . C h l o r s u l fu r o n  f o r  w e e d  c o n t r o l  i n  s p r i n g  
wh e a t . N o r t h  C e n t . W e e d  C o n t r o l  C o n f . R e s . R e p . 
4 0 : 1 0 5 - 1 0 6. 
5 .  A t k i n s , R .  L . , F .  B .  M ax cy , F .  E .  G o n z a l e z , an d M. L .  
L i n k . 1 9 8 3  A n ew p r o d u c t  f o r  j o h n s o n g r a s s c o n t r o l  
i n  r o a d s i d e t u r f . P r o c . S o ut h .  W e e d  S c i . S o c . 
3 6 : 3 0 0 - 3 0 9 . 
6 .  B e h r e n s , R i c h a r d , a n d  M .  A .  E l ak k ad . 1 9 8 3 . 
P o s t em e r g e n c e  t r e a t m e n t s  f o r  w e e d  c o n t r o l  i n  o a t s  an d 
wh e a t . N o r t h  C en t . W e e d  C o n t r o l C o n f . Re s . R e p . 
4 0 : 9 7 - 9 9. 
7 .  B e s t , J .  A . , an d J .  B .  W eb e r . 1 9 7 4 . D i s ap p e a r an c e  
. o f  s - t r i az i n e s  a s  a f f e c t e d  b y  s o i l  p H  u s i n g  a 
b a l an c e- s h e e t  ap p r o ac h . We e d  S c i . 2 2 : 3 6 4 - 3 7 3 .  
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c r o p s  t o  c h l o r s u l fu r o n . W e e d  S c i . 3 1 : 8 6 1 - 8 6 5 . 
9. B u r n s i d e ,  0 .  C . , C .  R .  F e n s t e r , G .  A .  W i c k s , a n d  J .  
V .  D r ew .  1 9 6 9. E f f e c t  o f  s o i l  an d c l i m a t e  o n  
he rb i c i d e d i s s i p a t i o n . W e e d  S c i . 1 7 : 2 4 1 - 2 4 5 . 
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f r om h e rb i c i d e c omb i n a t i o n s  u s e d  i n  s u g a rb e e t s . 
P r o c . N o r t h  C e n t . W e e d  C o n t r o l C o n f . 2 6 : 6 0 .  
1 7 . D e x t e r , A .  G . , J .  D .  N a l e w a j a ,  an d S .  D .  M i l l e r . 
1 9 7 9 . Re s p o n s e  o f  s e v e r a l  c r o p an d w e e d  s p e c i e s t o  
he rb i c i d e s . N o r t h  C e n t r a l  W e e d  C o n t r o l  C o n f . R e s . 
R e p . 3 6 : 1 7 9- 1 8 1 . 
1 8 . D u k e , W .  B .  , V .  S .  R a o , an d J .  F .  Hun t . 1 9 7 2 .  
E P TC - a t r az i n e  r e s i du e  i n t e r ac t i o n e f f e c t  on  s e e d l i n g  
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2 6 : 2 5 8 . 
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Rep . p p . l 5 6 - 1 5 7 . 
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e s t ab l i s hm e n t i n  s o i l  c o n t a i n i n g  a t r a z i n e  o r  s i m a z i n e  
r e s i du e s . W e e d s  1 1 : 8 1 - 8 3 . 
2 3 . F o y , C .  L . , a n d  W .  M e r s i e .  1 9 84 . C h l o r s u l f u r o n  
s e l e c t i v i t y an d p e r s i s t an c e  i n  sm a l l  g r a i n s . P r o c . 
S ou t h  W e e d  S c i . S o c . 3 7 : 1 0 8 . 
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2 4 . F � i e s en , H .  A .  1 9 6 3 . D i c amb a a l o n e  a n d  i n  m i x t u r e s  
a t  v a r i o u s  r a t e s  o f  app l i c a t i o n a n d  s t a g e s  o f  g r o w t h  
on  T h a t c h e r  w h e a t . N o r t h  C e n t . W e e d  C o n t r o l  C o n f . 
R e s . R e p . 2 0 : 2 8 . 
2 5 . H a�eman , L a r ry H . , an d R i c h a r d  B e h r e n s . 1 9 8 1 . 
2 6 . 
R e s p o n s e o f  s m a l l g r a i n  c u l t i v a r s  t o  c h l o r s u l fu r o n . 
W e e d  S c i . 2 9 : 4 1 4 -4 1 9 .  
H a r r i s , C .  L .  1 9 6 7 . 
h e rb i c i d e s  i n  s o i l .  
F a t e  o f  2 - c h l o r o - s - t r i a z i n e  
J .  A g r . F o o d  C h e m . 1 5 : 1 5 7 - 1 6 2 . 
2 7 . ------ ' E .  A .  W o o l s o n , an d B .  E .  Humm e r . 1 9 6 9 . 
D i s s i p a t i on o f  h e rb i c i de s  at  t h r e e  s o i l  d e p t hs . W e e d  
S c i . 1 7 : 2 7 - 3 1 . 
2 8 . H a r t e r , R o b e r t  D . , an d J am e s  L .  A h l r i c h s . 1 9 6 7 . 
D e t e rm i n a t i o n o f  c l ay s u r f a c e  a c i d i t y b y  i n f r a r e d  
s p e c t r o s c o p y . S o i l  S c i . S o c . Am . P r o c . 3 1 : 3 0 - 3 3 . 
2 9 . H a t z i o s , K r i t o n K .  1 9 8 4 . I n t e r a c t i o n s  b e t w e e n  
s e l e c t e d h e r b i c i d e s  a n d  p r o t e c t an t s  o n  c o r n 
( � � �  ���� ) . W e e d  S c i .  3 2 : 5 1 - 5 8 .  
3 0 . H i l t b o l d ,  A .  E . , an d G .  A .  B u c h an an . 1 9 7 7 . 
3 1 . 
I n f l u e n c e  o f  s o i l  p H  o n  p e r s i s t en c e  o f  a t r a z i n e  i n  
t he f i e l d . W e e d  S c i . 2 5 : 5 1 5 - 5 2 0 . 
H o f fm an n , 0 .  L .  1 9 7 8 . H e rb i c i d e An t i d o t e s : 
t o  c r op . C he m t e c h  8 : 4 4 8 - 4 9 2 . 
c o n c e p t  
3 2 . H o r r o b i n ,  S .  1 9 6 3 . T h e  hyd r o l y s i s  o f  s om e  
1 , 3 , 5 - t r i az i n e s : M e c h an i s m , s t ru c t u r e , a n d  
r e a c t i v i t y .  J .  C h em . S o c . 4 1 3 0 - 4 1 4 5 ( J u l y- S e p t . 
1 9 6 3 ) . 
3 3 . K a u f amn , D .  D . , P .  C .  K e a rn y , an d T .  J .  S h e e t s . 
1 9 6 5 . ' M i c r ob i a l  d e g r a d a t i o n o f  s i m a z i n e . J .  A g r . 
F o o d  C hem . 1 3 : 2 3 8 - 2 4 4 . 
3 4 . K e y s , C .  H .  1 9 6 2 . T o l e r a n c e  o f  c e r e a l  v a r i e t i e s t o  
B an v e l  D .  N o r t h  C e n t . W e e d  C On t r o l  C o n f . R e s . R e p . 
1 9 : 4 2 .  
3 5 . -- - - - - 1 9 6 2 . T h e  e f f e c t  o f  B anv e l  D on  c e r e a l  
c r o p s  a s  c om p a r e d  t o  2 , 4 - D . N o r t h  C e n t . W e e d  C o n t r o l  
C o n f . R e s . R e p . 1 9 : 4 3 .  
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3 6 . K l i n gman , D .  1 .  1 9 5 3 . E ff e c t s  o f  v a r y i n g  r a t e s  o f  
2 , 4 - D an d 2 , 4 , 5 - T a t  d i f f e r e n t  s t a g e s  o f  g r ow t h o n  
w i n t e r  w h e a t . A g r o n . J .  4 5 : 6 0 6 -6 1 0 . 
3 7 . L a d l i e ,  J .  S . , W .  F .  M e g g i t t , an d D .  P e n n e r . 1 9 7 7 . 
4 4  
E ff e c t  o f  t r i f l ur a l i n  an d m e t r i b u z i n  c o mb i n a t i o n s  o n  
s o yb e an t o l e r an c e t o  m e t r i b uz i n .  W e e d  S c i . 
2 5 : 8 8 - 9 3 . 
3 8 . ------ ' ------ ' a n d ------ 1 9 7 7 . E f f e c t  o f  
a t r a z i n e  o n  s oyb e an t o l e r an c e  t o  m e t r i b uz i n . W e e d  
3 9 . 
S c i . 2 5 : 1 1 5 - 1 2 1 .  
L i , G w o -C h e n , an d G .  T .  F e l b e c k . 1 9 7 2 . 
hyd r o l y s i s  as  c a t a l y z e d  b y  hum i c  a c i d s . 
1 1 4 : 2 0 1 - 2 0 9 . 
A t r az i n e  
S o i l  S c i . 
4 0 . M c C o rm i c k ,  1 .  1 . , and A .  E .  H i l t b o l d .  1 9 6 6 . 
M i c r o b i o l o g i c a l  d e c omp o s i t i o n o f  a t r a z i n e  an d d i u r o n  
i n  s o i l . W e e d s  1 4 : 7 7 - 8 2 . 
4 1 . M e r s i e ,  W . , an d C .  L .  F o y . 1 9 8 4 . S a f e n i n g  c o r n 
a g a i n s t  c h l o r s u l fu r o n an d D P X - T 6 3 7 6  i n j u r y . P r o c . 
S o u t h . We e d  S c i . S o c . 3 7 : 3 2 8 - 3 3 4 . 
4 2 . M e s s e r s m i t h , C .  G . , a n d  R .  G .  L yn n . 1 9 8 0 . H e r b i c i d e 
e v a l u a t i o n fo r C an d a  t h i s t l e  an d p r i c k l y  l e t t u c e  
c o n t r o l . N o r t h  C e n t . W e e d  C o n t r o l  C o n f . R e s . R e p . 
3 7 : 6 3 .  
4 3 . M i l l e r � S .  D . , an d J .  D .  N a l ewaj a .  1 9 7 9 . 
c u l t i v a r  r e s p o n s e t o  s e v e r a l  h e rb i c i d e s . 
W e e d  C o n t r o l  C o n f . R e s . R e p . 3 6 : 7 8 .  
B a r l e y 
N o r t h  C e n t . 
4 4 . --� - - - ' an d - - - - - - · 1 9 7 9 . Whe at c u l t i v a r r e s p o n s e  
t o  s e v e r a l  h e r b i c i d e s . No r t h  C e n t . W e e d  C o n t r o l  
C o n f . R e s . R e p . 3 7 : l 4 2 - 1 4 3 . 
45 . N a l ew a j a ,  J .  D . , an d S .  D .  M i l l e r .  1 9 8 0 . W e e d  
c o n t r o l  i n  f l ax . N o r t h  C e n t . W e e d  C o n t r o l . C o n f . 
R e s . Re p .  3 7 : 1 4 2 - 1 4 3  . 
4 6 . 
4 7 . 
------ ' . 1 9 8 1 . B r o a d l e a f  w e e d  c o n t r o l  i n  N�rth- C e n t . W e e d  C o n t r o l  C o n f . R e s . R e p . whe at . 
3 8 : 9 8 . 





C;� t r o l  C o n f .  R e s . R e p . 3 8 : 1 2 5 . 
N o r t h  
) 
4 8 . N as h ,  R .  G .  1 9 6 8 . S yn e r g i s t i c  p h y t o t o x i c i t i e s  o f  
h e rb i c i d e- i n s e c t i c i d e c omb i n a t i on s  i n  s o i l .  W e e d  
S c i . 1 6 : 7 4 - 7 7 . 
4 9� N as h ,  R .  G .  1 9 8 1 . P hy t o t o x i c  i n t e r a c t i o n s t u d i e s : 
T e c hn i qu e s  f o r  e v a l u a t i o n an d p r e s e n t a t i o n o f  
r e s u l t s . W e e d  S c i . 2 9 : 1 4 7 - 1 5 5 . 
5 0 . N e a r p a s s ,  D .  C . · 1 9 6 5 . E f f e c t s  o f  s o i l a c i d i t y  on  
t he a d s o rp t i o n , p e n e t r a t i o n ,  and p e r s i s t en c e  o f  
s i m a z i n e . W e e ds 1 3 : 3 4 1 - 3 4 6 . 
5 1 . ---- -- 1 9 7 2 . Hyd r o l y s i s  of p r o p a z i n e  by t h e  
s ur fa c e  a c i d i t y o f  o r g an i c  m a t t e r . S o i l  S c i . S o c . 
Am . P r o c . 3 6 : 6 0 6- 6 1 0 . 
5 2 . N o rw o o d , C h a r l e s A .  1 9 8 3 . B r o a d l e a f  w e e d  c o n t r o l  
w i t h  p o s t em e r g e n c e  h e rb i c i d e s . N o r t h C e n t . W e e d  
C o n t r o l  C o n f . R e s . R e p . 4 0 : 6 0 .  
4 5 
5 3 . ---- - - 1 9 8 3 . F a l l ow w e e d  c o n t r o l w i t h  i n - c r o p an d 
p o s t - h a r v e s t ap p l i c a t i o n s  o f  h e rb i c i d e s . N o r t h  C e n t . 
W e e d  C o n t r o l  C o n f . R e s . R e p . 4 0 : 6 3 .  
5 4 . 
s o r gh um . 
3 8 : 1 0 8 . 
1 9 8 3 . E f f e c t  o f  c h l o r s u l fu r o n  o n  g r a i n  
P r o c . N o r t h  C e n t . W e e d  C o n t r o l C o n f . 
5 5 . O l s o n , P .  J . , S au l z a l i k , W .  J .  B r e ak e y , an d B .  A .  
B r ow n . 1 9 5 1 . S e n s i t i v i t y o f  whe a t  a n d b a r l e y at  
d i f f e �e n t  s t a g e s  of  g r ow t h  to  t r e a t m e n t  w i t h  2 , 4 - D . 
A g r o n . J .  4 3 : 7 7 - 8 3 . 
5 6 . P a l m , H a r l an L .  1 9 8 2 . T o d a y ' s h e rb i c i d e :  G l e an .  
5 7 . 
W e� d s  T o d ay V o l .  1 3  N o . 4 p p . 5 - 6 .  
P a r k , R o b e r t  H .  N .  1 9 8 3 . T o d a y ' s h e rb i c i d e :  
a n ew n o n c r o p l an d  h e rb i c i d e .  W e e d s  T o d a y  V o l . 
N o . 3 p p . 7 - 8 . 
O u s t -
1 4  
5 8 . P r e n d ev i l l e ,  G .  N . , C .  S .  J am e s , G .  F .  W a r r e n , a n d  M .  
M .  S c hr e i b e r . 1 9 6 9 . An t a g o n i s t i c  r e s p o n s e s  w i t h 
c omb i n a t i o n s  o f  c a rb am a t e an d g r o w t h  r e gu l a t o r  
h e rb i c i d e s . W e e d  S c i . 1 7 : 3 0 7 - 3 0 9 . 
5 9 . R a g ab , M .  T .  H . , an d J .  P .  M cC o l l um .  1 9 6 1 . 
D e g r a d a t i o n o f  c l 4 - l ab e l e d s i m a z i n e  b y  p l an t s  an d 
s o i l m i c r o o r g an i s m s . W e e d s  9 : 7 2 - 84 . 
6 0 . R a i n s , L .  J . , an d 0 .  H .  F l e t c h a l l .  1 9 7 1 . T h e  u s e o f  
c h em i c a l s  t o  p r o t e c t  c r o p s  f r o m h e rb i c i d e i n j u r y . 
P r o c . N o r t h  C e n t . W e e d  C o n t r o l  C o n f . 2 6 : .4 2 - 4 4 . 
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6 1 . R o e t h , F .  W . , T .  L .  L av y , an d 0 .  C .  B ur n s i de .  1 9 6 9 . 
A t r a z i n e  d e g r a d a t i o n i n  t w o  s o i l  p r o f i l e s . W e e d  
S c i . 1 7 : 2 0 2 - 2 0 5 . 
6 2 . Rus s e l , J .  D . , M .  C �uz , J .  L .  W h i t e , G .  W .  B a i l y ,  W .  
R .  Rayn e J r . , J .  D .  P o p e  J r . , an d J .  I .  T e a s l e y .  
1 9 6 8 . M o d e  o f  c h em i c a l  d e g r a d a t i on o f  s - t r i a z i n e  b y  
m o n t m o r i l l o n i t e . S c i e n c e  1 6 0 : 1 3 4 0 - 1 3 4 2 . 
6 3 . S am p s o n , T .  C . , D .  C .  Th i l l , a n d  R .  H .  C a l l i h an . 
1 9 8 2 . E f f e c t  o f  c h l o r s u l fu r o n  s o i l  p e r s i s t e n G e  · o n  
b i om a s s p r o du c t i o n o f  f i v e  c r o p s . 1 9 8 2  R e s . P r o g . 
R e p . W e s t S o c . W e e d  S c i . p p . 2 2 9- 2 3 1 .  
6 4 . S h e a , P at r i ck J .  1 9 8 2 . S o i l  a d s o rp t i on 
c h a r ac t e r i s t i c s o f  c h l o r s u l fu r o n . P r o c . N o r t h  C en t . 
W e e d  C o n t r o l  C o n f . 3 7 : 5 4 .  
6 5 . S k i pp e r , H .  D . , C .  M .  G i l m o u r , an d W .  R .  F ur t i c k .  
1 9 6 7 . M i c r ob i a l v e r s us c h em i c a l  d e g r a d a t i o n o f  
a t r a z i n e  i n  s o i l s . S o i l  S c i . S o c . A m . P r o c . 
1 : 6 5 3 - 6 5 6 . 
6 6 . - - - - - - ' V .  V .  V o l k , M .  M .  M o r t l an d , a n d  K .  V .  R am a n . 
1 9 7 8 . Hyd r o l ys i s  o f  a t r a z i n e  on s o i l  c o l l o i d s . . W e e d  
S c i . 2 6 : 4 6 - 5 1 .  
6 7 . S l ac k , B l e v i n s , R i e c k . 1 9 7 8 . E f f e c t  o f  s o i l  p H  an d 
t i l l a g e  o n  p e r s i s t e n c e  o f  s i m a z i n e . W e e d  S c i . 
2 6 : 1 4 5 - 1 4 8 . 
6 8 . S p 1 i t t s t o e s s e r , W .  E . , an d L .  A .  D e r s c h e i d . 1 9 6 2 . 
E f f e c t s  o f  en v i r o n m e n t  u p o n  h e rb i c i d e s  ap p l i e d 
p r e em e r g e n c e . W e e d s  1 0 : 3 0 4 - 3 0 7 . 
6 9 . S t e r r e t t , J . P . , J .  T .  D av i s , an d W .  H u r t t .  1 9 7 2 . 
An t a g o n i s t i c e f f e c t s  b e t w e e n  p i c l o r a m  a n d  b r o m a c i l  
w i t h o a t s . W e e d  S c i . 2 0 : 4 4 0 - 4 4 4 . 
7 0 . T a l b e r t , R o n a l d  E .  , an d 0 .  H a l e  F l e t c h a l l .  1 9 6 4 . 
I n ac t i v a t i o n o f  s i m a z i n e  an d a t r a z i n e  i n  t h e  f i e l d . 
W e e ds 1 2 : 3 3 - 3 7 . 
7 1 . Th i l l , D .  C . , D .  L .  Z am o r a , an d C .  R .  S a l h o f f . 
1 9 8 2 . T h e  p e r s i s t an c e  o f  s e v e r a l  s o i l r e s i du a l  
h e rb i c i d e s  un d e r  i r r i g a t e d c o n d . 1 9 8 2  R e s . P r o g . 
R e p . W e s t  S o c . We e d  S c i . pp . 2 3 2 - 2 3 4 . 
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7 2 . T h omp s o n , C .  R . , and J . D .  N a l ew a j a .  1 9 8 0 . R e s p o n s e  
o f  v ar i o u s  s p e c i e s t o  D P X - 4 1 8 9  p l u s  a d d i t i v e s . N o r t h  
C e n t . W e e d  C o n t r o l  C o n f . R e s . R e p . 3 7 : 1 6 8 . 
7 3 � - - ---- ' an d - - - - - - ·  1 9 8 2 . C h l o r s u l fu r o n w i t h  
a d d i t i v e s  f o r  w e e d  c o n t r o l  i n  w h e a t . N o r t h  C e n t . 
W e e d  C o n t r o l  C o n f .  R e s . R e p . 3 9 : 1 3 0 . 
7 4 . U l r i c h , T i m o t hy S . , an d S t ep h e n  D .  M i l l e r . 1 9 8 3 . 
s o·i l  p e r s i s t e n c e  o f  c h l o r s� l fu r o n  a n d  m e t s u l fu r on i n  
N o r t h  D ak o t a .  P r o c . N o r t h  C e n t . W e e d  C o n t r o l  C o n f . 
3 8 : 4 4 .  
7 5 . W e e d  S c i e n c e  S o c i e t y  o f  Am e r i c a . 
H an db o o k . 5 t h  E d . W e e d  S c i . S o c . 
I l l . p p . 1 0 7 - 1 1 0 . 
1 9 8 3 . H e rb i c i d e 
o f  Am . ,  C h amp a i gn , 
7 6 .  W i e s e , A .  F . , an d D .  E .  L a v ak e . 1 9 8 3 . U s e o f  
c h l o r u s l fu r o n  i n  l i m i t e d t i l l a g e  s y s t em s . P r o c . 
S o ut h . W e e d  S c i . S o c . 3 6 : 1 4 8 . 
7 7 . W i l s o n , H .  P . , an d R .  H .  C o l e . 1 9 6 4 . E f f e c t  o f  
f o rmu l a t i o n , r a t e  an d s o i l mo i s t u r e  o n  a t r a z i n e  
p e r s i s t en c e . P r o c . N . E .  W e e d  C o n t r o l  C o n f . 1 8 : 3 5 8 . 
7 8 .  Wy s e , D .  L . , W .  F .  M e g g i t t , an d D .  P e n n e r . 1 9 7 6 . 
The i n t e r a c t i o n o f  a t r az i n e  an d E P T C  o n  N a v y  B e an .  
W e e d  S c i . 2 4 : 5 - 1 0 . 
7 9 . Y o r k , A l an C . , an d F r e d W .  S l i f e .  1 9 8 1 . I n t e r a c t i o n 
o f  b u t h i da z o l e  an d a c e t an i l i d e h e r b i c i d e s . W e e d  
S c i . 2 9 : 4 6 1 - 4 6 8 . 
) 
